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The intrinsic electron deficiency in organoboron compounds offers the synthetic 
chemist a wide range of possibilities. The present dissertation focused on two 
areas: (1) The chemistry of boryl amidinates was further developed and (2) 
novel unsymmetrically substituted diboranes(4) were prepared and investigated 
for their optoelectronic proporties.  
With one exception, the prepared selection of boryl benzamidinates adopt the 
typical N,N-chelating form. Attempts to synthesize amidinate-stabilized 
borylenes for the first time were carried out. Furthermore, the reactivity of the 
boryl benzamidinates towards bases/ nucleophiles was investigated. A 
benzazaborole was isolated in the process. In addition, the phenyl ring of the 
only open-chain derivative was dearomatized by nucleophilic attack of 
organometallic reagents. 
In the second part, a large number of substituted diboranes(4) were synthesized 
and structurally characterized. Spectroscopic investigations showed that for 
1,2-bis(dimethylamino)diboranes(4) an unsymmetrical substitution with electron-
donating and -withdrawing groups is crucial in order to induce fluorescence. The 
substitution of the 1,4-diaza-2,3-diborinanes at their boron centers leads to a 
modified skeletal structure. Finally, the attachment of 4-(dimethylamino)phenyl 






Der intrinsische Elektronenmangel in Organoborverbindungen bietet dem 
synthetischen Chemiker eine Vielzahl von Möglichkeiten. Die vorliegende 
Dissertation konzentrierte sich auf zwei Gebiete: (1) Die Chemie der 
Borylamidinate wurde weiterentwickelt und (2) neuartige unsymmetrisch 
substituierte Diborane(4) wurden hergestellt und auf ihre optoelektronischen 
Eigenschaften untersucht.  
Mit einer Ausnahme nimmt die präparierte Auswahl an Borylbenzamidinaten die 
typische N,N-chelatisierende Form an. Es wurden Versuche zur erstmaligen 
Synthese von amidinatstabilisierten Borylenen unternommen. Weiterhin wurde 
die Reaktivität der Borylbenzamidinate gegenüber Basen/ Nukleophilen 
untersucht. Dabei wurde ein Benzazaborol isoliert. Außerdem wurde der 
Phenylring des einzigen offenkettigen Derivats durch nucleophilen Angriff von 
metallorganischen Reagenzien dearomatisiert. 
Im zweiten Teil wurde eine große Anzahl von substituierten Diboranen(4) 
synthetisiert und strukturell charakterisiert. Spektroskopische Untersuchungen 
zeigten, dass für 1,2-Bis(dimethylamino)diborane(4) eine unsymmetrische 
Substitution mit elektronendonierenden und -ziehenden Gruppen entscheidend 
ist, um Fluoreszenz zu induzieren. Die Substitution der 
1,4-Diaza-2,3-Diborinane an ihren Bor-Zentren führt zu einer veränderten 
Gerüststruktur. Schließlich führt die Substitution mit 4-(Dimethylamino)phenyl 
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Boron constitutes about 0.001% by weight of Earth´s crust and occurs mainly in 
the form of borate minerals. The majority of mined borate ores undergo 
refinement into boric acid or sodium tetraborate before further processing.[1-3] 
The isolation of elemental boron was first accomplished by Joseph-Louis 
Gay-Lussac and Louis Jacques Thenard and independently by Sir Humphry 
Davy in 1808 by heating boron oxide with potassium metal.[1] Manufacturing of 
pure boron is not necessary for most purposes and its elemental form is only 
rarely used in applications such as doping of semiconductors or in its 
amorphous form as boron fibers in some high strength materials.[4,5] In contrast, 
boron containing compounds are of great importance in diverse fields: Boron 
oxide is added to fiberglass to increase its strength or as a fluxing agent to 
facilitate processing,[6] and in borosilicate glass to lower the coefficient of 
thermal expansion.[7] Boron’s deployment in metallurgy (metal borides)[8] and 
ceramics (boron carbide and nitride)[9,10] is also dedicated to improving the 
hardness and toughness of the materials. Together with the use of boron 
compounds in detergents and fertilizers, these applications account for three-
quarters of the world consumption of borates.[2,3] In emerging areas of research 
organoboranes gain more and more attention. They have been established as 
reactive intermediates in organic chemistry, with the Nobel prize winning 
hydroboration probably as the most prominent example.[11-13] Especially the 
metallomimetic chemistry of selected compounds, often accompanied by the 
possibility of small molecule activation, contributes to the significance of this 
research, as it impacts the production of value added fine chemicals or fuel 
synthesis.[14-17] Other energy-related processes, for example hydrogen 
production and storage and production of electrolyte materials, benefit 
immensely from employment of boron-containing compounds. Also remarkable 
is the variety of examples of boron-based fluorescent emitters in OLED 
materials for the conversion of electrical energy to light.[16,17] All in all, 
boronchemistry has a multitude of possible applications and remains a field 







Boron’s unique electronic structure directly effects its diverse molecular 
chemistry. The intrinsic electron deficiency enables tricoordinate boron to act as 
electrophile/ Lewis-acid. Conversion with nucleophiles lead to anionic structures 
with completely different properties.[18] It is also the unique electronic properties 
that enable 3-center-2-electron bonding in for example diborane(6) and 
polyhedral borane clusters.[19] 
In the following literature review two areas of boron research are addressed: 
Firstly, boron compounds with N,N-chelating ligands and in this context group 
13 element(I) structures stabilized by bidentate nitrogen ligands and secondly, 
the synthesis of known diboranes(4). As it is the most frequent applied analytic 
tool in boron chemistry, the principles of 11B NMR spectroscopy are presented 
in advance. 
 
1.1 Basics of 11B NMR Spectroscopy 
Except from 1H and 13C as most popular nuclei for NMR measurements, 11B 
NMR spectroscopy contributed immensely to the development of today’s very 
rich boron chemistry. With an abundance of 80.4%, a nuclear spin of I = 3/2 and 
a factor 3 larger magnetic moment 11B is superior to the 10B isotope 
(abundance: 19.6%, I = 3), which can also be measured by NMR spectroscopy. 
Both display large quadrupole moments, that increase line widths of the 
resulting spectra. However, 11B is with a one order of magnitude smaller 
quadrupole moment in advantage here as well.[20-22]  
The chemical shift is probably of most informative value when analyzing an 11B 
NMR spectrum and is most commonly referenced to BF3·OEt2. Chemical shifts 
for boron nuclei with the coordination numbers three and four, the former being 
more deshielded, show vast differences provided that the same substituents are 
compared (Table 1). This comes with the advantage that equilibria between 
boranes as Lewis acids and diverse Lewis-bases can easily be monitored with 
11B NMR spectroscopy. The electronic properties of the substituent also play an 
important role. The deshielding in three-coordinate boron compounds can be 
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lowered by substituents with a free electron pair allowing for p--interaction 
between the free electron pair and the vacant orbital at the boron center. 
Considering Table 1 the following order of increasing p--interaction can be 
deduced: B < alkyl< C=C ≤ Ph < I < Br < Cl < NR2 < OR < F. Substituents 
without free electron pair such as the alkyl-group can lower the deshielding of 
the boron nucleus by hyperconjugation. This is demonstrated by comparison of 
the chemical shifts of triethylborane (86.6 ppm) with the more deshielded 
tetra(ethyl)diborane(4) (105.5 ppm).[23] This comparison is appropriate in the 
way that diboranes(4) can be regarded as tricoordinate boron nuclei which are 
only influenced by two substituents. The resonances of the diboranes(4) 
discussed in this thesis range from 30 ppm to 104 ppm (see Table 7, Section 
7.2) reflecting the substituent effects described above.  
Table 1. 11B NMR chemical shifts of tricoordinate (BX3) and tetracoordinate (BX4) boron 
atoms.[23] 
X (BX3) [ppm] (BX4−) [ppm] 
CH3 86.2 −20.2 
C2H5 86.6 −17.5 
nC3H7 86.6 −17.5 
nC4H9 86.5 −17.6 
CH=CH2 56.4 −16.1 
C6H5 68.0 −6.7 
I −7.9 −127.5 
Br 38.7 −23.8 
Cl 46.5 6.7 
F 10.0 −1.6 
NHMe 24.6 0.2 




1.2 Boryl amidinates and guanidates 
Amidinate and guanidate ligands share the same NCN-binding site of the 
general formula [RC(NR’)2]−. As opposed to the isolobal carboxylate group 
[RCO2]−, the additional substituents at the nitrogen (R’) atoms allow for 
modification of the steric and electronic properties of these ligands. Depending 
on whether a nitrogen or a carbon is attached to the center-carbon, the ligands 
are named amidinates (carbon) or guanidates (nitrogen). The first boron 
guanidates were observed IR-spectroscopically by Lappert in 1966.[24] Isolation 
of the first boron amidinate structure 1a (Figure 1) was then reported by 
Dehnicke[25] and the first isolated guanidates 2a-e were described by Bürger[26] 
(Figure 2). In the meantime, a whole variety of four-membered boron N-
heterocycles have been synthesized exploiting the facile tunability of those 
ligands (1b-i, 3a-g, 4, 5a,b, 6a,b, 7, 8, 9a,b, Figure 1, 2f-r, 10a-d, Figure 2).[25-
45] Almost all of them adopt the N,N-chelating, closed ring structure, except for 
the Dip-formamidinate complexes 5a,b (Figure 1), which adopt an open-chained 
form. 
 
Figure 1. Reported boryl amidinate complexes.[25,29-35,38-41,43,44]  1a: Ar = Ph, R = SiMe3, R’ = Br; 
1b: Ar = Ph, R = SiMe3, R’ = Cl; 1c: Ar = Ph, R = Cy, R’ = Cl; 1d: Ar = Ph, R = iPr, R’ = Br; 1e: 
Ar = C6F5, R = tBu, R’ = C6F5; 1f: Ar = C6F5, R = iPr, R’ = C6F5; 1g: Ar = C6F5, R = SiMe3, R’ = 
C6F5; 1h: Ar = C6F5, R = Dip, R’ = C6F5; 1i: Ar = Mes*, R = Cy, R’ = Cl; 3a: Alk = Me, R = R’ = 
Cy, BR’’2 = BCl2; 3b: Alk = Me, R = R’ = iPr, BR’’2 = BCl2; 3c: Alk = Me, R = Dip, R’ = C6F5, BR’’2 
= B(C6F5)2; 3d: Alk = Me, R = Dip, R’ = p-Ph-CN, BR’’2 = B(C6F5)2; 3e: Alk = nBu, R = R’ = tBu, 
BR’’2 = BClPh; 3f: Alk = nBu, R = R’ = Cy, BR’’2 = BClPh; 3g: Alk = tBu, R = R’ = Cy, BR’’2 = 
BClPh; 3h: Alk = tBu, R = R’ = 2,6-diisopropyl-4-tritylphenyl, BR’’2 = BBr2; 5a: R = NiPr2, X = Br; 
5b: R = Ph, X = Cl; 6a: R = iPr; 6b: R = tBu; 9a: R = Me; 9b: R = SnMe3. (Dip = 2,6-iPr2C6H3, Cy 




Figure 2. Reported structurally characterized boron guanidate complexes.[26-28,34,36,37,42,45] 2 a: R 
= Me, R’ = iPr, R’’ = CF3; 2b: R = Me, R’ = Cy, R’’ = CF3; 2c: R = Me, R’ = Ph, R’’ = CF3, 2d: R = 
Me, R’ = p-Tol, R’’ = CF3; 2e: R = Me, R’ = p-MeO-Ph, R’’ = CF3; 2f: R = Me, R’ = Dip, R’’ = Br; 
2g: R = Me, R’ = iPr, R’’ = Nrb; 2h: R = Me, R’ = Cy, R’’ = Nrb; 2i: R = Me, R’ = iPr, R’’ = Cy; 2j: 
R = Me, R’ = Cy, R’’ = Cy; 2k: R = Me, R’ = Dip, R’’ = Cy; 2l: R = Ph, R’ = Mes, R’’ = Cl; 2m: R = 
Ph, R’ = Dip, R’’ = Cl, 2n: R = SiMe3, R’ = Cy, R’’ = Cl; 2o: R = iPr, R’ = Dip, R’’ = Br; 2p: R = 
Cy, R’ = Dip, R’’ = Br; 2q: R = iPr, R’ = Cy, R’’ = Cl; 2r: R = Cy, R’ = Cy, R’’ = Cl; 10a: R = iPr, R’ 
= H, R’’ = iPr, R’’’ = Ph; 10b: R = iPr, R’ = H, R’’ = iPr, R’’’ = p-Tol; 10c: R = iPr, R’ = H, R’’ = iPr, 
R’’’ = p-tBu-Ph; 10d: R = iPr, R’ = BCy2, R’’ = iPr, R’’’ = p-tBuC6H4. (Cy = cyclohexyl, Nrb = exo-
2-norbornyl = bicyclo[2.2.1]-2-heptyl, Dip = 2,6-iPr2C6H3, Mes = 2,4,6- Me3C6H2)  
The majority of these boron(III) complexes have been synthesized by salt 
metathesis from alkali metal precursors (Scheme 1), which in turn can either be 
prepared by addition of organo-metal-bonds to carbodiimides (Scheme 1a) or 
by N-H-deprotonation of the corresponding neutral ligands 
(Scheme 1b).[27,28,30,33,34,37,39,42-44] Instead of metal salts, trimethylsilyl halides 
can also be eliminated by reacting the corresponding N-silylated ligand with 
boron trihalides yielding the anticipated structural motifs, for example 1a,b and 
5a,b (Figure 1).[25,33,35] 
 
Scheme 1. Synthesis of boryl amidinates and guanidates. [27,28,30,33,34,37,39,42-44] (a): R = Mes*, R' 
= Cy; BX3 = BCl3 (1i); R = Me, M = Li, R' = Cy; BX3 = BCl3 (3a); R = Me, R' = iPr; BX3 = BCl3 
(3b); R = nBu, R' = tBu; BX3 = BCl2Ph (3e); R = nBu, R' = Cy; BX3 = BPhCl2 (3f); R = tBu, R' = 
Cy; BX3 = BPhCl2 (3g); R = NMe2, R' = Dip; BX3 = BBr3 (2f); R = NMe2, R' = iPr, BX3 = BClNrb2 
(2g); R = NMe2, R' = Cy; BX3 = BClNrb2 (2h); R = NMe2, R' = iPr; BX3 = BClCy2 (2i); R = NMe2, 
R' = Cy; BX3 = ClBCy2 (2j); R = NMe2, R' = Dip; BX3 = BClCy2 (2k); R = NPh2, R' = Mes; BX3 = 
BCl3 (2l); R = NPh2, R' = Dip; BX3 = BCl3 (2m); R = N(SiMe3)2, R' = Cy; BX3 = BCl3 (2n). (b): R = 
Ph, R' = iPr; BX3 = BBr3 (1d); R = tBu, R' = 2,6-iPr2-4-CPh3C6H2, BX3 = BBr3 (3h); R = NiPr2, R' 
= Dip; BX3 = BBr3 (2o); R = NCy2, R' = Dip; BX3 = BBr3 (2p); R = NiPr2, R' = Cy; BX3 = BCl3 
(2q); R = N(iPr)H, =NR' = =NPh, -NR' = -NiPr ; BX3 = BClCy2 (10a); R = N(iPr)H, =NR' = =N(p-
Tol), -NR' = -NiPr ; BX3 = BClCy2 (10b); M = Li, R = N(iPr)H, =NR' = =N(p-tBu-Ph), -NR' = -NiPr 
; BX3 = BClCy2 (10c). (Mes* = 2,4,6-tBu3C6H2, Mes = 2,4,6-Me3C6H2, Nrb = exo-2-norbornyl = 
bicyclo[2.2.1]-2-heptyl, Cy = cyclohexyl) 
Additionally, four-membered boron(III) N-heterocycles can be realized by direct 
addition of B-R bonds to carbodiimides (Scheme 2a)[31,33,34,36,38], which can also 
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be a reversible reaction under specific circumstances[42]. In some cases, 
spectroscopic evidence provided mechanistic insights. The first step of the 
reaction between carbodiimides and bis(trifluoro)dimethylamino borane is a 
[2+2] cycloaddition between one of the C=N bonds and the formal B=N double 
bond followed by rearrangement to the boryl guanidate complexes 2a-e 
(Scheme 2b).[26] In case of haloboranes, the Lewis acid-base adducts of 
carbodiimides and different boranes have been isolated and characterized by x-
ray structural analysis as intermediates, which upon heating rearrange to boryl 
amidinates 1c,e-h by migration of one of the substituents (Scheme 2c).[32,41] As 
a net result, both mechanisms constitute additions of B-R bonds to one of the 
C=N bonds of carbodiimides, as mentioned above.  
 
Scheme 2. Synthesis of boryl amidinates and guanidates by carbodiimide insertion. [26,31-
34,36,38,41] (a): R’ = H, X = C6F5, R = iPr (6a); R’ = H, X = C6F5, R = tBu (6b); R’ = Fc, X = Br, R = 
Cy (7); R’ = 2-methylpent-2-en-3-yl, R = Cy, X = Et (9a); R’ = 2-trimethylstannylpent-2-en-3-yl, R 
= Cy, X = Et (9b); R’ = N(SiMe3)2, X = Cl, R = Cy (2n); R’ = NCy2, X = Cl, R = Cy (2r). (b): R = 
iPr, (2a); R = Cy (2b); R = Ph (2c); R = p-Tol (2d); R = p-MeO-Ph (2e). (c) BX3 = BCl2Ph, R = 
Cy (1c), BX3 = B(C6F5)3, R = tBu (1e); BX3 = B(C6F5)3, R = iPr (1f); BX3 = B(C6F5)3, R = SiMe3 
(1g); BX3 = B(C6F5)3, R = Dip (1h). (Cy = cyclohexyl, Fc = ferrocenyl) 
Apart from those general syntheses for boryl guanidates and amidinates, a few 
alternative protocols have been reported. One of the first amidinate structures, 
namely 8, was synthesized from the cationic manganese complex 11 in which 
BCl4− acts as the counterion and boron source (Scheme 3a).[29] Reaction of 
iron-boryl complexes with a carbodiimide yields the boryl guanidate complexes 
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2q,r (Scheme 3b).[36] H2 release from the Lewis acid-base adduct between an 
amidine and Pier’s borane results in amidinates 3c,d (Scheme 3c).[40] 
 
Scheme 3. Further syntheses of boryl amidinates and guanidates. [29,36,40] (b): R = iPr (2q); R = 
Cy (2r). (c): Ar = C6F5 (3c); Ar = p-Ph-CN (3d). (Cp = cyclopentadienyl, Cy = cyclohexyl, Dip = 
2,6-iPr2C6H3) 
Diboron complexes of binucleating bis(amidinate) ligands are accessible with 
the aforementioned methods, namely salt metathesis and TMSCl elimination 
(12a-d, 13, Figure 3).[46]  
 
Figure 3. Literature-known diboron complexes of binucleating bis(amidinate) ligands.[46] 12a: X 
= Cl, R = SiMe3; 12b: X = Ph, R = SiMe3; 12c: X = Cl, R = Cy; 12d: X = Ph, R = Cy; 13: R = 
SiMe3. (Cy = cyclohexyl) 
The strain of the four-membered BN2C cycles of boryl amidinates and 
guanidinates leads to facile ring opening or expansion by various small 
molecules. The reactivity of boryl amidinates 6a and 6b, for instance, is shown 
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in Scheme 4. They react with tert-butyl isocyanide and carbon monoxide under 
insertion into a B-N-bond to yield the five-membered rings 14a-d. 
Diisopropylcarbodiimide, carbon dioxide, acetonitrile and benzaldehyde also 
insert into the B-N-bond under formation of the six-membered rings 15a,b and 
16a-c. Phenylacetylene reacts via C-H-addition across the B-N-bond to the 
open chained structure 17.[38]  
 
Scheme 4. Reactivity of boryl amidinate complexes 6a (R = iPr) and 6b (R = tBu) towards small 
molecules.[38] 14a: R = iPr, E = O; 14b: R = tBu, E = O; 14c: R = iPr, E = NtBu; 14d: R = tBu, E = 
NtBu; 15a: E = O; 15b: E = NiPr; 16a: saturated C-E bond, R = iPr, R’ = Ph, E = O; 16b: 
saturated C-E bond, R = tBu, R’ = Ph, E = O; 16c: C-E double bond, R = iPr, R’ = Me, E = N. 
A few years later the regioselectivity of carbon monoxide-, isocyanide-, 
benzaldehyde- and carbon dioxide-insertions into the B-N bonds of 
unsymmetrically substituted boryl guanidates was examined. Proof-of-principle 
reactions were also carried out with a symmetrically substituted boryl guanidate 
2i.[45] All the deployed boryl guanidates 2i, 10c,d and 18 are shown in Figure 4.  
 
Figure 4. The deployed boryl guanidates 2i, 10c,d and 18 for the reactivity studies towards 
isocyanides, carbonmonoxide, benzaldehyde and carbondioxide.[45] 10c: Ar = Ph-p-tBu, 10d: Ar 
= Ph-p-tBu, 18: Ar = Ph-p-Me (Cy = cyclohexyl, Nrb = exo-2-norbornyl = bicyclo[2.2.1]-2-heptyl) 
Aromatic isonitriles insert into the B-N bond to form 19a,b, 20a-f and 21a,b, as 
already observed for amidinates.[38] In the cases of unsymmetrically substituted 
boryl guanidates the insertion is mostly observed into the B-N(iPr) bond (20a-f), 
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except when the choice is between B-N(iPr) and B-N(Ph-p-tBu). In some of 
these cases, insertions into either of the B-N bonds are observed (20a,b and 
21a,b, Figure 5). Besides, it was also reported that the derivatives 20e,f are in a 
temperature-dependent equilibrium with the de-insertion products.[45] 
 
Figure 5. Insertion-products 19a,b, 20e-f and 21a,b of isonitriles into the B-N bonds of boryl 
guanidates 2i, 10c,d and 18 and de-insertion equilibrium of 20e,f.[45] 19a: Ar’ = 2,6-Me2-Ph; 19b: 
Ar’ = 4-OMe-Ph; 20a: Ar’ = 2,6-Me2-Ph, BR2 = BCy2, Ar = Ph-p-tBu, E = H; 20b: Ar’ = 4-OMe-
Ph, BR2 = BCy2, Ar = Ph-p-tBu, E = H; 20c: Ar’ = 2,6-Me2-Ph, BR2 = BCy2, Ar = Ph-p-tBu, E = 
BCy2; 20d: Ar’ = 4-OMe-Ph, BR2 = BCy2, Ar = Ph-p-tBu, E = BCy2; 20e: Ar’ = 2,6-Me2-Ph, BR2 = 
BNrb, Ar = Ph-p-Me, E = BNrb; 20f: Ar’ = 4-OMe-Ph, BR2 = BNrb, Ar = Ph-p-Me, E = BNrb; 21a: 
Ar’ = 2,6-Me2-Ph, BR2 = BCy2, Ar = Ph-p-tBu, E = H; 21b: Ar’ = 4-OMe-Ph, BR2 = BCy2, Ar = Ph-
p-tBu, E = H; 18: Ar = Ph-p-Me; CNAr’ = CN-Ph-2,6-Me2; CNAr’ = CN-Ph-p-OMe (Cy = 
cyclohexyl, Nrb = exo-2-norbornyl = bicyclo[2.2.1]-2-heptyl) 
The reactions of 2i and 10c,d with carbon monoxide were rather inconclusive 
and only 22a could be isolated in moderate yields (Figure 6). The reaction 
between 18 and carbon monoxide resulted in an equilibrium with 22b, but is 
clearly shifted to the educt side.[45] 
 
Figure 6. Isolated product 22a of guanidate 10c with CO and equilibrium between guanidate 18 
and 22b under CO atmosphere.[45] 22a: Ar = Ph-p-tBu; 18: Ar = Ph-p-Me; 22b: Ar = Ph-p-Me 
(Cy = cyclohexyl, Nrb = exo-2-norbornyl = bicyclo[2.2.1]-2-heptyl) 
Several more equilibria were observed with 2i, 10c, 18 and benzaldehyde and 
with 10c and carbon dioxide (Scheme 5). With unsymmetrically substituted 
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guanidates 10c and 18, the insertion into the B-N(iPr) bond proved to be 
preferable in these cases, as well (Scheme 5b,c). As observed before, in the 
reaction of benzaldehyde with guanidate 10c both regio-isomers were 
observed, but the majority showed insertion into the B-N(iPr) bond 
(Scheme 5b). In the reactions that involved CO2 only with 10c an insertion 
product (27) was detected in equilibrium with the de-insertion products 
(Scheme 5d). No CO2-insertion product could be isolated.[45] 
 
Scheme 5. Reactivity of boryl guanidates 2i (a), 10c (b) Ar = Ph-p-tBu and 18 (c) Ar = Ph-p-Me 
towards benzaldehyde plus equilibrium between boryl guanidate 18 and 27 under CO2 
atmosphere (d) Ar = Ph-p-tBu.[45] (Cy = cyclohexyl, Nrb = exo-2-norbornyl = bicyclo[2.2.1]-2-
heptyl) 
So far there has only been one report of a reaction of either boryl amidinates or 
guanidates with an anionic nucleophile. Boryl benzamidinate 1d was reacted 
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with Yamashita´s boryl anion 28, which attacks the imine carbon center to give 
29 (Scheme 6).[43,44] 
 
Scheme 6. Reactivity of boryl amidinate 1d towards Yamashita´s boryl anion 28 yielding 
29.[43,44] 
Boryl amidinates and guanidates with residual halide groups have been 
deployed as starting material for cationic structures as well (30, 31a,b, 
Scheme 7). The abstraction of a bromide from 2p by gallium tribromide led to 
the isolation of the guanidinium ion 30 with the concomitantly formed 
tetrabromogallate as counter anion.[28] The abstraction of a bromide or a 
chloride from the open-chained formamidinates 5a or 5b is is possible with the 
triethylsilylium cation. The resulting structures 31a,b include the perfluorinated 
tetraphenylborate as non-coordinating counter anion (Scheme 7).[35] 
 
Scheme 7. Halogenide abstraction from boryl guanidate 2p and boryl formamidinate 5a (R = 
NiPr2, X = Br) and 5b (R = Ph, X = Cl). 31a: R = NiPr2; 31b: R = Ph.[28,35] (Cy = cyclohexyl, Dip = 
2,6-iPr2C6H3, BArf4 = tetrakis(pentafluorophenyl)borate) 
Recently, the one-pot preparation of the cationic amidinate structures 32a,b by 
the reaction of chlorodiisopropylmesitylborane 33, carbodiimides 34a,b and two 
equivalents gallium trichloride was reported. The same study described the 
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synthesis of a borylium cation as a contact ion pair 35, which was subsequently 
treated with dicyclohexylcarbodiimide to form the mixed amidinate- and 
guanidate-stabilized cation 36.[47] 
 
Scheme 8. (a): Synthesis of boryl amidinate cations 32a (R = Cy) and 32b (R = iPr) from 
borane 33 and carbodiimides 34a (R = Cy) and 34b (R = iPr), respectively. (b): Synthesis of the 
mixed amidinate and guanidate stabilized cation 36 from the borylium cation 35 which is 
prepared by reaction of borane 33 and silver trifluoromethanesulfonate.[47] (Mes = 2,4,6- 
Me3C6H2, Cy = cyclohexyl, OTf = trifluoromethanesulfonate) 
Earlier reports demonstrated that similar cationic structures can be obtained 
from cationic iron borylene complexes 37a,b. The addition of one equivalent of 
dicyclohexylcarbodiimide to the borylene complex 37a yields the cationic boryl 
amidinate 38, which can be transformed to the mixed boryl amidinate/guanidate 
39a by addition of a second equivalent of dicyclohexylcarbodiimide.[36] The 
same product class can also be prepared by direct addition of two equivalents 
dicyclohexylcarbodiimide to the iron borylene complexes 37a or 37b, 





Scheme 9. Reactions of cationic aminoborylene iron complexes 37a (R = Cy) and 37b (R = iPr) 
with dicyclohexylcarbodiimide to 39a (R = Cy) and 39b (R = iPr).[36,48,49] (Cp = cyclopentadienyl, 
Cy = cyclohexyl, Arf = pentafluorophenyl) 
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1.3 Group 13 element(I) heterocycles with -diketiminato-, 1,2-
diamido organyl- and amidinato-/guanidinato- ligands 
The isolation of NHCs had an immense impact on numerous fields of 
chemistry.[50-55] Analogues with different ring sizes or different low valent atoms 
and therefore other properties are thus an attractive target. Especially Group 13 
elements with their intrinsic electron deficiency are of interest.[56]  
Only a few attempts to reduce guanidate boron dihalides (see Section 1.2) have 
been reported so far, but boron(I) amidinate or guanidate complexes remain 
elusive.[27,28] Theoretical considerations reveal small singlet-triplet gaps (6-
10 kcal mol−1) of these boron (I) structures suggesting considerable reactivity 
and hence instability impeding their isolation.[27,57] Consequently, attempts to 
synthesize Group 13 element(I) species with amidinate or guanidate ligands 
were up to now only successful in the cases of the heavier elements. For 
gallium(I) (40), indium(I) (41a) and thallium(I) (42b) the same guanidate ligand 
provided sufficient stability for isolation.[58] Further guanidate or amidinate 
indium(I) and thallium(I) species have been reported since (41b,c, 42a,c,d, 
Figure 7).[59,60] It is noteworthy that one of the indium(I) complexes (31c) and all 
of the thallium complexes 42a-d do not adopt the typical N,N-chelating 
coordination mode, but exhibit N-aryl coordination instead. 
 
Figure 7. Guanidate and amidinate stabilized group 13 element(I) structures. 41a: R = NCy2; 
41b: R = 2,6-dimethylpiperidine; 42a: R = tBu; 42b: R = NCy2; 42c: R = NiPr2; 42d: R = 2,6-
dimethylpiperidine.[58-60] (Cy = cyclohexyl, Dip = 2,6-iPr2C6H3). 
The Arduengo-type NHC analogues of Group 13 are rarely described. Recently 
the first neutral five-membered cyclic triel(I) carbenoids have been isolated as 
43a-c (Figure 8).[61] Several boryl(I)-lithium salts 44a-f, which still represent the 
only isolated boron-NHC-analogues[62-66] and anionic gallium(I) five-membered 
N-heterocycles (45a-d, 46, Figure 8) have been described in the literature 
previously.[67-73] As for aluminium, no monomeric five membered N-heterocycles 




Figure 8. Group 13 element NHC analogues. 43a: E = Ga; 43b: E = In; 43c: E = Tl; 44a: 
saturated backbone, Ar = Dip; 44b: saturated backbone, Ar = Mes; 44c: unsaturated backbone, 
Ar = Dip; 44d: unsaturated backbone, Ar = Mes; 44e: phenyl fused backbone, Ar = Dip; 44f: 
phenyl fused backbone, Ar = Mes; 45a: R = tBu, R’ = H; 45b: R = Dip, R’ = H; 45c: R = Dip, R’ = 
Me; 45d: R = 2,6-(di-4-tert-butylphenyl)phenyl, R’ = Me.[61-73] (Dip = 2,6-iPr2C6H3, Mes = 2,4,6- 
Me3C6H2) 
A variety of six-membered element(I) heterocycles has also been realized. The 
monomeric -diketiminato complexes with aluminum(I) (47a,b)[74-77], gallium(I) 
(48)[78], indium(I) (49a-c)[79-82] and thallium(I) (50a-e)[82-85] have been isolated 
(Figure 9). 
 
Figure 9. Isolated group 13 element (I) structures stabilized by -diketiminato ligands. 47a: R = 
Me; 47b: R = tBu; 49a: R = Me, Ar = Ar’ = Dip; 49b: R = Me, Ar = Dip, Ar’ = 2-methoxyphenyl; 
49c: R = CF3, Ar = Ar’ = Dip; 50a: R = Me, R’ = 2,6-dimethylphenyl, R’’ = H; 50b: R = Ph, R’ = 
SiMe3, R’’ = H; 50c: R = H, R’ = Dip, R’’ = Ph; 50d: R = Me, R’ = Dip, R’’ = H; 50e: R = Me, R’ = 
2,6-difluorphenyl, R’’ = H.[74-85] (Dip = 2,6-iPr2C6H3) 
The corresponding boron compound was predicted to feature a small singlet-
triplet gap[86,87] and by now, has only been trapped in the coordination sphere of 
Cp*Fe(CO)2[88] (51, Figure 10). Recent theoretical investigations suggest that 
with an appropriate ligand design as in 52a,b (Figure 10) the isolation of a 





Figure 10. Isolated boron(I) -diketiminato structure in an iron coordination sphere 51 and the 
calculated structures 52a (X = CMe) and 52b (X = N). [88,89] (Mes = 2,4,6- Me3C6H2) 
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1.4 Bis(dimethylamino)diboranes(4), tetraorganyldiboranes(4) 
and six-membered diaza-heterocycles with diborane(4)-motif 
Diboranes(4) were discovered in 1925[19,90] making available a versatile and 
extremely useful class of reagents. In particular, the isolation of the remarkably 
stable tetrakis(dimethylamino)diborane(4) 53 (already observed by Urry et al. in 
1954[91]) by Brotherton and co-workers in 1960[92] opened up a wide range of 
synthetic possibilities. For example, the treatment of 
tetrakis(dimethylamino)diborane(4) with HCl[93] or BX3 (X = Cl, Br)[94,95] yields 
the mixed 1,2-bis(dimethylamino)-1,2-dihalo-diboranes(4) providing a better 
leaving group at each boron atom. 
 
Scheme 10. Synthesis of 1,2-dimethyl(amino)-1,2-dihalo diboranes(4) 54a (X = Cl) and 54b (X 
= Br) from tetrakis(dimethylamino)diborane(4) 53 with HCl (Y = H) or trihaloborane (Y = X2B).[93-
95] 
By reaction of diborane(4) 1,2-dihalides 54a,b with aryl and/or alkyl metal 
compounds various symmetrically (55a-j) and unsymmetrically (56a-h, 57a-d) 
substituted 1,2-bis(dimethylamino)diboranes(4) have been synthesized 
(Scheme 11a,b).[93,95-111] This route represents the most popular for 1,2-
disubstituted 1,2-bis(dimethylamino)diboranes(4). In addition arylene-bridged, 
unsymmetrically substituted diboranes(4) 58a-c and 59a-c have been realized 




Scheme 11. Halide substitution on diboranes(4) 54a and 54b with aryl and/or alkyl metals (RM 
= nBuLi, tBuLi, allylMgCl, PhLi, MesLi, indLi, NpthLi, CpNa, fluLi TipLi, octafluLi, AnLi, DurLi, 4-
tbutyl-2,6-dimethylphenyl lithium, 2,5-di-tbutylphenyl lithium) to yield the symmetrically 
substituted diboranes(4) 55a: R = nBu, 55b: R = tBu, 55c: R = allyl, 55d: R = Ph, 55e: Mes, 55f: 
R = 1-ind, 55g: R = Cp, 55h: R = flu, 55i: R = Tip, 55j: R = An, 55k: R = Dur, 55l: R = 4-tbutyl-
2,6-dimethylphenyl, 55m: R = 2,5-di-tbutylphenyl, and unsymmetrically substituted diboranes(4) 
56a: R = tBu, X = Cl, 56b: R = allyl, X = Cl, 56c:R = Mes, X = Br, 56d: R = 1-ind, X = Cl, 56e:R = 
tBu, X = Br, 56f: R = Cp, X = Br, 56g: R = flu, X = Br, 56h: R = octaflu, X = Br, and 57a: R = tBu, 
R’ = Ph, 57b: R = tBu, R’ = Npth, 57c: R = flu, R’ = Cp, 57d: R = octaflu, R’ = Cp, 57e: R = Mes, 
R’ = Ph, as well as arylene bridged unsymmetrically substituted diboranes(4) 58a: R = R’ = H, 
58b: R = Me, R’ = H, 58c: R = R’ = Me, and 59a: R = R’ = H, 59b: R = Me, R’ = H, 59c: R = R’ = 
Me.[93,95-113] (ind = indenyl, Cp = cyclopentadienyl, flu = 9-fluorenyl, Tip = 2,4,6-
triisopropylphenyl, octaflu = 1,1,4,4,7,7,10,10-octamethyldicyclohexyl-9-fluorenyl, An = 9-
anthracenyl, Npth = naphthyl, Dur = 2,3,5,6-tetramethylphenyl) 
Furthermore, the synthesis of 1,2-bis(dimethylamino)-1,2-tosyldiboranes(4) 60 
and its use as electrophilic substrate with the tosyl substituent as alternative 
leaving group has been demonstrated. The reaction of 60 with lithiumorganyls 
lead to the symmetrically substituted diboranes(4) 55a,h, 61 (Scheme 12).[114] 
 
Scheme 12. Synthesis of 1,2-bis(dimethylamino)- 1,2-bistosylato diborane(4) 60 and 
conversion with lithiumorganyls to 1,2-bis(dimethylamino)-1,2-diorganyl diboranes(4) 55a: R = 
nBu, 55h: R = flu and 61: R = CC-Ph.[114] (tos = p-toluenesulfonate, flu = 9-fluorenyl) 
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Another possibility of synthesizing diboranes(4) with a 1,2 substitution pattern is 
by reductive coupling of the corresponding amino-chloro-organyl boranes 62a-c 
with alkali metals (M = Na or K, Scheme 13). This has been employed for the 
synthesis of 55a,d and 63.[115,116] 
 
Scheme 13. Synthesis of diboranes(4) 55a: R = nBu, 55d: R = Ph and 63: R = Et by reductive 
coupling (M = Na or K) of chloroboranes 62a: R = nBu, 62b: R = Ph or 62c: R = Et.[115,116] 
Transformation of the remaining amino into chloro groups provides synthetic 
access to donor-free diboranes(4), meaning substituents without a free electron 
pair adjacent to the electron-deficient boron atoms. Conversion from 1,2-
bisdimethylaminodiboranes(4) 55b,e,k-m to 1,2-dihalodiboranes(4) 64a-g can 
either be realized by directly using BX3 (BX3 = BCl3, MeBBr2) to yield 64a,b[96,97] 
or first turning the dimethylamino-groups into methoxy groups my treatment with 
MeOH in the presence of HCl (diboranes(4) 65a-d), then subsequently reacting 
them with BX3 (BX3 = BCl3, BBr3) to 1,2-dihalo-diboranes(4) 64c-g (Scheme 
14).[98,104] 
 
Scheme 14. Conversion of dimethylamino-groups in 1,2-disubstituted diboranes(4) 55b,e,k-m 
into methoxy- (65a-d) or halide-groups (64a-g). [96-98,104] 64a: R = tBu, X = Cl; 64b: R = tBu, X = 
Br; 64c: R = Mes, X = Cl, 64d: R = Mes, X = Br; 64e: R = Dur, X = Cl; 64f: R = Dur, X = Br; 64g: 
R = 4-tbutyl-2,6-dimethylphenyl, X = Cl; 64h: R = 2,5-di-tbutylphenyl, X = Cl; 65a: R = Mes; 65b: 
R = Dur; 65c: R = 4-tbutyl-2,6-dimethylphenyl; 65d: R = 2,5-di-tbutylphenyl. (Mes = 2,4,6-
Me3C6H2, Dur = 2,3,5,6-Me4C6H) 
However, tetrasubstituted donor free diboranes(4) have mostly been accessed 
by reaction of organolithium compounds with precursors featuring alkoxy- or 
aryloxy leaving groups. Reaction of tetramethoxydiborane(4) 66 with two 
equivalents of organolithium compounds yields 1,2-disubstituted 1,2-dimethoxy 
diboranes 67a,b, which can be transformed with another organolithium 
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compound to the mixed symmetrically tetrasubstituted diborane(4) 68 (Scheme 
15). Conversion of either 66 or 67a,b with the according number of equivalents 
of organolithium compounds yields trisubstituted methoxy-diboranes(4) 69a-c. 
By reacting 69a,b with a different organometallic reagent the unsymmetrically 
tetrasubstituted diboranes(4) 70a-d can be isolated (Scheme 15). Notably, 
sterically demanding groups, i.e. tbutyl or mesityl groups, can only be attached 
three times to a diborane(4).[96,97,102,117-121] In contrast, tetra(ortho-tolyl) 
diborane(4) 71 was directly synthesized from dicatecholato diborane(4) 72 with 
the corresponding Grignard reagent (o-tolMgBr) (Scheme 15) [122] 
 
Scheme 15. Synthesis of donor-free symmetrically substituted diboranes(4) 68 and 
unsymmetrically substituted diboranes(4) 70a-d via methoxy diboranes(4) 67a,b and 69a-c from 
tetramethoxy diborane(4) 66 plus the synthesis of tetra-o-tolyl-diborane(4) 71 from 
bis(catecholato) diborane(4) 72. [96,97,102,117-122] 67a: R = tBu; 67b: R = Mes; 68: R = tBu, R’ = 
CH2tBu; 69a: R = tBu; 69b: R = Mes; 69c: R = 2,6-Mes2-Ph; 70a: R = tBu, R’ = CH2tBu; 70b: R = 
tBu, R’ = Me; 70c: R = Mes, R’ = CH2SiMe3; 70d: R = Mes, R’ = Ph. (cat = catecholato, Mes = 
2,4,6- Me3C6H2) 
The pentafluorophenyl-substituted diboranes(4) 73a,b were synthesized by a 
different approach. First, bis(acetylene)-phenyl borane 74 was reacted with 
tris(pentafluorophenyl)borane to diborylalkene 75, which rearranges at room 
temperature to borole 76. Conversion with phenylacetylene or propylacetylene 
leads to intermediates 77a,b which finally rearrange to the pentafluorophenyl-




Scheme 16. Synthesis of pentafluorophenyl-substituted diboranes(4) 73a,b from borane 74 and 
tris(pentafluorophenyl) borane forming borole 76, which is subsequently reacted with acetylenes 
to intermediate 77a,b that under thermal treatment are arranged to diboranes(4) 73a,b. 77a & 
73a: R = nPr; 77b & 73b: R = Ph.[123,124] (TMS = trimethylsilyl) 
Occasionally, the substitution pattern of diboranes(4) changes from 1,2- to 1,1 
substitution during a nucleophilic attack. The reaction of diborane(4) 54a with 
lithium diisopropylamide, for instance, results in 1,1-bis(dimethylamino) 
diborane(4) 78, instead of the expected 1,2-derivative (Scheme 17a).[125] Similar 
behavior was also reported for the transhalogenation of 1,2-bisaryl-1,2-
dichlorodiboranes(4) 64c,e with lithium fluoride leading to 79a,b as isolated 
products (Scheme 17b).[126,127] In addition, it has been reported that treatment of 
1,2-bisaryl-1,2-dihalodiboranes(4) 64c-e and 80 with a variety of bases yields 
the corresponding Lewis-base adducts of 1,1-bisaryl-2,2-dihalodiboranes(4) 




Scheme 17.Rearrangements of 1,2-substitution patterns on diboranes(4) 54a, 64c: Ar = Mes, 
64e: Ar = Dur, 64d: Ar = Mes, X = Br, 80: Ar = Mes, X = I, to 1,1-substitution on diboranes(4) 78, 
79a: Ar = Mes, 79b: Ar = Dur and 81a: Ar = Mes, X = Cl, L = SIMes, 81b: Ar = Mes, X = Br, L = 
PEt3, 81c: Ar = Mes, X = Br, L = PCy2Me, 81d: Ar = Mes, X = Cl, L = PEt3, 81e: Ar = Mes, X = I, 
L = PEt3, 81f: Ar = Mes, X = Cl, L = PCy2Me, 81g: Ar = Mes, X = I, L = PCy2Me, 81h: Ar = Mes, 
X = Br, L = SIMes, 81i: Ar = Mes, X = Cl, L = IDip, 81j: Ar = Mes, X = Cl, L = CAACMe, 81k: Ar = 
Mes, X = Br, L = CAACMe, 81l: Ar = Dur, X = Cl, L = CAACMe, 81m: Ar = Dur, X = Br, L = 
CAACMe.[125-132] (LDA = lithium diisopropylamide, Mes = 2,4,6- Me3C6H2, Dur = 2,3,5,6-
tetramethylphenyl, SIMes = 1,3-Mes-imidazolidin-2-ylidene, IDip = 1,3-Dip-imidazol-2-ylidene, 
CAACMe = 1-Dip-3,3,5,5-tetramethyl-pyrrolidin-2-ylidene) 
Diaza-heterocycles with diborane(4)-moiety, namely 1,4-diaza-2,3-diborinanes, 
have been scarcely reported because the 1,1-isomers with 1,3,2-diazaborole 
moieties are thermodynamically favored.[133] The group of Nöth were the first to 
selectively synthesize cyclic 1,4-diaza-2,3-diborinanes 83a and 83b by reaction 
of the dianion of N,N’-dimethyl-ethylenediamine with 1,2-dichlorodiboranes(4) 
54a and 82 (Scheme 18).[133] Later, more cyclic 1,4-diaza-2,3-diborinane 
species with saturated backbone 83c-i were synthesized in analogous fashion 
(Scheme 18).[134,135] Furthermore, transamination reactions of diborane(4) 53 





Scheme 18. Synthesis of 1,4-diaza-2,3-diborinane species 83a-j from according diboranes(4) 
54a, 64c, 82 and polycyclic species 84a-d from diborane(4) 53.[133-136] 54a: R = NMe2, X = Cl; 
64c: R = Mes, X = Cl; 82: R = NEt2, X = Br; 83a: R = NMe2, R’ = Me; 83b: R = NEt2, R’ = Me; 
83c: R = NMe2, R’ = Mes; 83d: R = NMe2, R’ = Dip; 83e: R = NMe2, R’ = 2,6-dimethylphenyl; 
83f: R = NMe2, R’ = 2,4-dimethylphenyl; 83g: R = NMe2, R’ = benzyl; 83h: R = NMe2, R’ = p-
tolyl; 83i: R = Mes, R’ = p-tolyl; 84a: R’ = 2,6-dimethylphenyl; 84b: R’ = 2,4-dimethylphenyl; 84c: 
R’ = p-tolyl; 84d: cyclohexyl-backbone, R’ = H. (Mes = 2,4,6- Me3C6H2) 
When 1,2-dichlorodiboranes(4) 54a and 64c,e are reacted with doubly reduced 
1,4-diazabutadienes the 1,4-diaza-2,3-diborinane species with unsaturated 
backbones 85a-g are obtained (Scheme 19).[135,137,138] In the case of the N,N’-
Dip-1,4-diazabutadiene-ligand the intermediate 86 was formed, which 
subsequently rearranges to the 1,4-diaza-2,3-diborinane 87 (Scheme 19).[138] 
Also, the dimethylamino groups in 85b,c could be exchanged for bromo 
substituents followed by addition of methyllithium to obtain the dimethylated 1,4-




Scheme 19. Synthesis of unsaturated 1,4-diaza-2,3-diborinane species 85a-f, 87, 88a,b from 
according diboranes(4) 54a, 64c,e. 54a: R = NMe2, X = Cl; 64c: R = Mes, X = Cl; 64e: R = Dur, 
X = Cl; 85a: R = NMe2, R’ = 2,4-dimethylphenyl; 85b: R = NMe2, R’ = Mes; 85c: R = NMe2, R’ = 
2,6-dimethylphenyl; 85d: R = NMe2, R’ = p-tolyl; 85e: R = Mes, R’ = p-tolyl; 85f: R = Dur, R’ = p-
tolyl; 85g: R = NMe2, R’ = tBu; 88a: R’ = Mes; 88b: R’ = 2,6-dimethylphenyl.[135,137,138] (Mes = 
2,4,6- Me3C6H2, Dur = 2,3,5,6-tetramethylphenyl, Dip = 2,6-iPr2C6H3) 
The exchange of the dimethylamino groups at the boron atoms in 1,4-diaza-2,3-
diborinanes by hydride or halides was achieved with a variety of reagents 
(Scheme 20): two equivalents of BH3·SMe2 exchange both dimethylamino 
groups in 83c for hydrogen atoms forming 89a and by using only one equivalent 
of BH3·SMe2 even the unsymmetrical 1,4-diaza-2,3-diborinane 90a was 
obtained. Furthermore, the 1,4-diaza-2,3-diborinanes 85b-d were transformed 
into the chloro derivatives 89b,e,g with four equivalents of ethereal HCl, 
whereas two equivalents BBr3 were used to produce the bromo-species 89c,f,h. 
One example of an iodo substituted 1,4-diaza-2,3-diborinane 89d was 
synthesized by Braunschweig. Mixing of the dimethylamino-substituted 
heterocycles with the corresponding 1,2-dihydride or dihalide derivative, 
respectively, in a 1:1 stoichiometric ratio results in comproportionation to the 




Scheme 20. Reactivity of 83c (saturated backbone) and 85b-d (unsaturated backbone) towards 
BH3-SMe2, HCl/Et2O, BBr3 or BI3 and comproportioning reaction between dimethylamino 
derivatives 83c/85b-d and according hydrogen/halide derivatives 89a-h to the mixed species 
90a-g. 83c: R = NMe2, R’ = Mes; 85b: R = NMe2, R’ = Mes; 85c: R = NMe2, R’ = 2,6-
dimethylphenyl; 85d: R = NMe2, R’ = p-tolyl; 89a: Ar = Mes, X = H; 89b: Ar = Mes, X = Cl; 89c: 
Ar = Mes, X = Br; 89d: Ar = Mes, X = I; 89e: Ar = 2,6-dimethylphenyl, X = Cl; 89f: Ar = 2,6-
dimethylphenyl, X = Br; 89g: Ar = p-tolyl, X = Cl; 89h: Ar = p-tolyl, X = Br; 90a: Ar = Mes, X = H; 
90b: Ar = Mes, X = Cl; 90c: Ar = Mes, X = Br; 90d: Ar = 2,6-dimethylphenyl, X = Cl; 90e: Ar = 
2,6-dimethylphenyl, X = Br; 90f: Ar = p-tolyl, X = Cl; 90g: Ar = p-tolyl, X = Br.[135,138] (Mes = 
2,4,6- Me3C6H2) 
Polycyclic derivatives were mostly prepared by transamination as in the 
example already shown above (84d, Scheme 18) Treatment of 53 with two 
equivalents of phenylene diamine derivatives mainly results in the polycyclic 
isomers 91a-c (Scheme 21). For R = H, Me the formation of terminally 
substituted 92a,b as side products was also observed. [136,139]  
 
Scheme 21. Synthesis of polycyclic 1,4-diaza-2,3-diborinanes 91a-c and diazaboroles 92a,b 
(as side products) from diborane(4) 53. Isolated ratio 91a:92a = 73:27, 91b:92b = 81:19. 91a: R 
= H; 92a: R = H; 91b: R = Me; 92b: R = Me; 91c: R = tBu.[136,139] 
It has been reported that the nitrogen centers in 91a and 92a can be 
deprotonated by an appropriate base (nBuLi). The obtained tetraanions can be 
reacted with electrophiles to yield N-substituted 1,4-diaza-2,3-diborinanes. 
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Following this synthetic procedure, N-methyl substituted 93 was isolated 
(Scheme 22). The N-methyl derivative of 91a, namely 93, and the N-methyl 
derivative of 92a show fluorescence in a variety of solvents - a property that at 
the time had been reported for the first time for diborane(4) motifs. In addition, 
the 1,4-diaza-2,3-diborinane-species 93 (max,Em = 386 nm in CH2Cl2) shows 
bathochromically shifted emission spectra compared to its diaza-borole isomer 
(max,Em = 334 nm in CH2Cl2). These structures are sensitive to oxidation, as 
observed by cyclic voltametric measurements. This was finally confirmed by the 
formation of the radical cation 94 by treatment with a silver salt and its 
subsequent isolation (Scheme 22). EPR spectroscopy confirmed the radical 
structure.[136,139,140] 
 
Scheme 22. Synthesis of N-methylated 1,4-diaza-2,3-diborinane 93 from 91a and subsequent 
conversion to the radical species 94.[136,139,140] 
More radical-cationic diborane compounds were accessible from oxidation of 
neutral diborenes (Scheme 23). The group of Braunschweig examined the 
diborenes 95a-d with cyclic voltametric measurements, which display at least 
one oxidation event for each diborene. On a preparative scale, the tropylium 
cation was used for the synthesis and subsequent isolation of the diboron 
radical cations 96a-d. EPR spectra confirmed the presence of boron-centered 
radicals. Later, they found borole 97 also to be an appropriate oxidation agent 
making available the boron centered radical-cation radical-anion pairs 
[96c][97]●− and [96d][97]●−. The degression of the bond order to 1.5 during the 
oxidation step generally leads to a lengthening of the B-B distance in the solid-





Scheme 23. Oxidation of diborenes 95a-d to monoradical cations 96a-d with BArf4− (Arf = 3,5-
(CF3)2-Ph) or borole radical-anion [97]●− as counterpart.[141-146] 95a: R = Dur, L = IMe; 95b: R = 
Mes, L = PEt3; 95c: R = iPr, L = IiPr; 95d: R = 4,4-dimethylpent-2-en-2-yl, L = IiPr; 96a: R = Dur, 
L = IMe; 96b: R = Mes, L = PEt3; 96c: R = iPr, L = IiPr; 96d: R = 4,4-dimethylpent-2-en-2-yl, L = 
IiPr. (Mes = 2,4,6- Me3C6H2, Dur = 2,3,5,6-tetramethylphenyl, IMe = 1,3-dimethylimidazol-2-
ylidene, IiPr = 1,3-diisopropylimidazol-2-ylidene) 
The formal bond order of 1.5 between two boron atoms is also accessible by 
one electron reduction of diboranes(4).[19,147-154] Diboranes(4) 55d, 65a, 70d, 71 
und 100a-d have been turned into monoradical anionic (98a-f) or dianionic 
(99a-c) species by reduction with Na/K alloy, lithium (powder), potassium 
graphite or magnesium with a catalytic amount of anthracene in ethereal 
solvents (Scheme 24).[100-102,117,121,155-161] All monoradical-anions 98a-f have 
been characterized by EPR spectroscopy.[121,155-159] 
 
Scheme 24. Reduction of diboranes(4) 55d, 65a, 70d, 71, 100a-d to monoradical-anions 98a-f 
or diborane(4) dianions 99a-c.[100-102,117,121,155-161] 55d: R = NMe2, R’ = R’’ = Ph; 65a: R = OMe, R’ 
= R’’ = Mes; 70d: R = R’ = Mes, R’’ = Ph; 71: R = R’ = R’’ = o-tol; 100a: R = R’ = R’’ = 
CH2C(CH3); 100b: R = R’ = R’’ = CH2C(CD3); 100c: R = R’ = R’’ = C(CH3); 100d: RR’B = pinB, 
R = R’’ = Mes; 98a: R = R’ = R’’ = CH2C(CH3); 98b: R = R’ = R’’ = CH2C(CD3); 98c: R = R’ = R’’ 
= C(CH3), 98d: R = OMe, R’ = R’’ = Mes; 98e: R = R’ = Mes, R’’ = Ph; 98f: RR’B = pinB, R = R’’ 
= Mes; 99a: R = R’ = Mes, R’’ = Ph; 99b: R = NMe2, R’ = R’’ = Ph; 99c: R = R’ = R’’ = o-tol. 
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For a more complete review about the synthetic possibilities of diboranes(4), 
which would go beyond the scope of this work, see Marder and coworkers.[19] 
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2. Aims and Scope 
As outlined in the second chapter of the introduction, a wide collection of boryl 
amidinates and guanidates have already been reported (Figure 1,Figure 2).[24-45] 
Their reactivity towards nucleophiles and bases is rarely studied apart from the 
reaction between boryl benzamidinate 1d and Yamashita´s boryl anion 18, 
which shows a C-centered as opposed to the anticipated B-centered 
attack.[43,44] The search for a four-membered cyclic NHC-analogue of boron, 
which would probably provide access to a different kind of coordination 
chemistry, is also ongoing. Hence, the first part of this work is focused on the 
synthesis and reactivity of boryl amidinate complexes. In this context the 
variability of substituents at the core structure I should be exploited by altering 
the aromatic group at the carbon atom (Ar), the substituents attached to the 
nitrogen atoms (R) and the substituents at the boron center (X, Scheme 25). 
This will be attempted by reacting different amidinate ligands II with different di- 
or tri-haloboranes (BX3) and subsequently comparing the structural features of 
the resulting boryl amidinates I with each other and with literature-known 
compounds. Those complexes of type I should be reacted with compounds 
acting as nucleophiles or bases such as NHCs and metalorganic reagents to 
generalize their electrophilic properties. Additionally, the dihaloboryl amidinates 
I with X = halogen should be applied in reduction attempts to isolate the to date 
elusive NHC analogue of type III. 
 
Scheme 25. Proposed synthesis of boryl amidinate structures I (Ar = aryl, R = alkyl or aryl, X = 
halogen, alkyl, aryl or amine) from amidinate ligands II (Ar = aryl, R = alkyl or aryl, [M] = lithium, 
trimethylsilyl) and di- or tri-haloboranes (BX3 = BCl3, BBr3, BCl2R, R = alkyl, aryl, amine) and 
possible reduction to boron(I) structure III or reaction with nucleophiles and bases. 
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The second part of this work was concerned with diboranes(4) and their 
optoelectronic properties. Organoborane functionalities have become popular in 
OLED materials, profiting from the electron withdrawing effect of the electron 
deficient boron atom.[162-189] However, there is a lack of information on the 
luminescent properties of diboranes(4) except for one report on a polycyclic 
benzo fused 1,4-diaza-2,3-diborinane derivative 82, which contains a central 
diborane(4) moiety.[136] Thus, the synthesis of symmetrically and 
unsymmetrically substituted diborane(4) compounds and their optoelectronic 
characterization was the second major objective of this work. In addition, the 
effect on luminescence of an electron-donating substituent at one boron atom 
and at the same time an electron-withdrawing substituent at the other boron 
atom should be investigated. Starting from tetrakis(dimethylamino) diborane(4) 
the synthesis of 1,2-bisaryl-1,2-bis(dimethylamino) diboranes(4) IV was going to 
be approached first, then the exchange of substituents on the cyclic derivatives 
V. The tetraaryl diboranes(4) VI were considered highly interesting objects of 
study as they do not possess amino groups attached to the boron atoms (Figure 
11). The aryl groups in all derivatives (IV, V, VI) are either the same (Ar = Ar’) 
forming symmetrically substituted diboranes(4) or distinct as one electron-
donating and one electron-withdrawing substituent (Ar ≠ Ar’). A comparative 
study of the fluorescent properties of the synthesized diboranes(4) of types IV, 
V and VI in solution was going to be performed to systematically gather 
information on their optoelectronic properties and possibly rationalize structure-
characteristic-relationships. 
 
Figure 11. Targeted symmetrically (Ar = Ar’) and unsymmetrically (Ar ≠ Ar’) substituted 
Diboranes(4) with 1,2-bis(dimethylamino)- (IV), 1,4-diaza-2,3-diborinane- (V) and 1,2-bisduryl- 
(VI) substitution pattern.  
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3. Results and Discussion 
3.1. Synthesis of various boron benzamidinate complexes 
The coordination chemistry of -electron rich amidinato ligands has been 
studied intensively during the last decades. In main group chemistry, these 
ligands are predominantly used to stabilize lower oxidation states,[56] but various 
saturated main group element complexes have been synthesized as well. First 
applications begin to emerge: dialkyl aluminum amidinates, for instance, are 
active catalysts in ethylene and lactone polymerization.[190-192] The reactivity of 
the lighter analogues, namely boron amidinates, is relatively unexplored. Thus, 
the synthesis, characterization and reactivity studies of various boron 
benzamidinates is reported herein. 
 
3.1.1 Synthesis of trimethylsilyl-N,N'-bis(2,6-diisopropyl-phenyl) 
benzamidinate 103 
The most common synthetic approaches towards main group element 
amidinato complexes are salt metathesis reactions and trimethylsilyl halide 
elimination from a suitable precursor. Thus, trimethylsilyl-benzamidine 103 was 
prepared as precursor for boryl benzamidinates following the procedure 
reported by Coles (Scheme 26).[193] 
 
Scheme 26. Synthesis of trimethylsilylbenzamidine 103.[193] (Dip = 2,6-iPr2C6H3) 
Crystallization from hexane afforded single crystals suitable for x-ray diffraction 
analysis (Figure 12) in overall 65% yield. In contrast to NH-amidines, which tend 
to tautomerize and isomerize, trimethylsilylated amidine scaffolds such as 103 
are more stable and geometrically constrained in the E-syn configuration due to 
steric effects.[193,194] No delocalization was found as indicated by the 
considerable bond length difference CN = dC-N(1.392 Å)-dC=N(1.285 Å) of 
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0.107 Å. A rather large NCN-angle of 115.6(2)° is a manifestation of the steric 
bulk of the groups attached to the amidine core, which is also apparent from the 
1H NMR spectrum (Figure 13): the resonances of the Dip-CH(CH3)2 group 
(1.11 ppm) and of the Si(CH3)3 group (0.57 ppm) are broadened probably due 
to hindered rotation.  
 
 
Figure 12. Molecular Structure of 103 in the solid state (ellipsoids at 50% probability, hydrogen 
atoms and second molecule of the asymmetric unit omitted for clarity). Selected bond lengths 
[Å] and angles [°]: Si1-N3 1.786(2), N3-C35 1.392(3), N4-C35 1.285(3), C35-C36 1.501(4), 
C35-N3-Si1115.7(2), N4-C35-N3 115.6(2).  
3. Results and Discussion 
35 
 
Figure 13. 1H NMR spectrum of trimethylsilylbenzamidine 103. 
 
3.1.2 Attempts to synthesize dihaloboryl-N,N'-bis(2,6-diisopropyl-phenyl) 
benzamidinate 104a,b 
Several approaches to synthesize dihaloboryl benzamidinate complexes 104a,b 
were tested. For one, the reaction between trimethylsilyl amidine 103 and 
borontrihalides (Scheme 27) was examined, following the procedure published 
by A. H. Cowley.[46] Stirring with an excess of BX3 (X = Cl, Br) overnight yielded 
a mixture of products in both cases, but only with BCl3 the desired amidinate 
104a could be detected NMR spectroscopically and identified retrospectively by 
comparison with NMR spectra of the isolated 104a (see Section 3.1.3). The 11B 
NMR resonance of the main product (9.3 ppm) is located in the typical range for 
dichloroboryl benzamidinate complexes.[33,46] The ratio of the integrated 
isopropyl methyne signals in the 1H NMR spectrum indicated that about 50% of 
the mixture consists of 104a provided that all species of the mixture have the 
amidine backbone in common.  
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Scheme 27. Reactivity of trimethylsilylbenzamidine 103 towards trihaloboranes (BCl3 and 
BBr3).[46] (Dip = 2,6- iPr2C6H3) 
Since the first approach did not yield satisfying results, synthesis of 104a was 
attempted from carbodiimine 101 by addition of phenyl lithium and subsequent 
reaction with BCl3 (Scheme 28) following protocols by A. H. Cowley[33,34] or H. 
Braunschweig[37]. The intermediate 102 was washed with hexane for 
purification. After BCl3 addition the reaction mixture was filtered from DCM. A 1H 
NMR spectrum of the filtrate strongly suggested that 55% of the product mixture 
is 104a. This is also reflected in the 11B NMR spectrum with the main resonance 
(104a) at 9.3 ppm (see above) and the side product at 6.3 ppm. Both 
resonances strongly suggest a tetracoordinated boron species, although the 
one of the minor component at 6.3 ppm could not be assigned yet. 
 
Scheme 28. Synthesis of dichloroboryl benzamidinate 104a from carbodiimine 101 and 
phenyllithium via lithium benzamidinate 102. [33],[34],[37] (Dip = 2,6-iPr2C6H3) 
The third approach to synthesize 104 was to deprotonate amidine 105 following 
the procedure established by Westerhausen[195] and react the previously 
generated amidinate 102 with the corresponding boron trihalide (Scheme 29). 
The reaction mixture with BCl3 was filtered and all volatiles were removed. The 
residue was washed with hexane. 1H NMR analysis revealed an enhanced 
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selectivity of 75% apart from other yet unidentified side products. As the 11B 
NMR spectrum seems to indicate a higher selectivity of 87% (determined by 
integration of 11B resonances), minor side products without boron are contained 
in the crude mixture. The reaction mixture with BBr3 was treated analogously. In 
this case both integration of 1H (Figure 14) and 11B NMR spectrum suggest 86% 
selectivity (integration of the isopropyl CH-signals). 
Scheme 29. Synthesis of dihaloboryl benzamidinates 104 from benzamidine 105 via lithium 
benzamidinate 102.[195] (Dip = 2,6-iPr2C6H3) 
 
Figure 14. 1H NMR spectrum of dibromoboryl benzamidinate 104b. Ratio of integrated Dip-
isopropyl-CH signals of 104b:side products 86:14. (Dip = 2,6- iPr2C6H3) 
In general, amidinato ligands are known for adopting various coordination 
modes.[58,59,196-199] Additionally, Bürger reported on a rearrangement pathway of 
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a boryl guanidate (Scheme 30),[26] which might take place in an analogous form 
(Scheme 30) in case of the above and the following boron amidinates as well. 
Since the ortho-positions of the N-aryl substituents are blocked in case of 104a, 
in contrast to Bürger`s complex, an attack on the backbone phenyl group is 
assumed. Especially in concentrated solutions, equilibrium between the ring 
form 104a and the open-chained form 114 in favor of 104a is suspected. The 
right conformation 114’ then can undergo an electrophilic aromatic substitution 
reaction via -complex 115 yielding decomposition product 116.  
 
Scheme 30. Bürger’s observed rearrangement (a) and proposed rearrangement pathway (b)[26] 
plus proposed analogous rearrangement pathway of 104a to 116 and its mesomeric forms 
(c).[26] 
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While keeping a solution of 104a in benzene at 70°C for 13 days increases the 
amount of rearrangement/ decomposition products by 10%, one week in 
saturated solution at room temperature increases the amount by 35% possibly 
because of intensified intermolecular interactions. A 1H NMR spectrum of a 
partly decomposed 104a sample shows two new species with similar intensity 
(Figure 15). 
 
Figure 15. 1H NMR spectrum of partly decomposed 104a (marked with “$”) to proposed 
rearrangement product 116 (marked with “+”), and doubly protonated ligand (marked with “#”). 
One component in this mixture (marked with “+”) has lower symmetry than 
benzamidinate 104a indicated by the doubled number of isopropyl-CH group 
signals at 3.69 ppm and 3.60 ppm (both sept, each 2H) and isopropyl-CH3 
group signals at 1.63 ppm, 1.19 ppm and 1.06 ppm (each d, altogether 24H). 
Additionally, a singlet at 10.03 ppm for one iminium proton is detected. 
Considering all these hints, the proposed rearrangement product 116 is 
suggested as species “+”. Another characteristic iminium signal at 14.52 ppm is 
observed, which could be attributed to the species (marked with “#”) that gives 
rise to one septet at 3.49 ppm (4H) for isopropyl-CH groups and two doublets at 
1.36 ppm and 0.97 ppm (altogether 24H) for isopropyl-CH3 groups. The second 
component shows two iminium protons per ligand-unit and no boron signal in 
the 11B NMR spectrum which leads to the conclusion that “#” is a decomposition 
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product with a doubly protonated ligand. VT-NMR of 104a showed no change in 
ratio of the components at elevated temperature (333 K) indicating that dynamic 
processes, for example interchanging coordination modes, can be neglected in 
diluted solutions. For the dibromoboryl benzamidinate 104b a similar 
composition of rearranged or decomposed species is observed. 
 
3.1.3 Synthesis of dichloroboryl-N,N'-bis(2,6-diisopropylphenyl) 
benzamidinate 104a 
Finally, the synthesis with the best results turned out to be from the isolated and 
washed amidinate 102, which was suspended in benzene and reacted with BCl3 
solution in hexane at room temperature. After stirring for 30 minutes the 
reaction mixture was filtered and all solvents and volatiles were distilled off in 
vacuum. Washing three times with hexane afforded dichloroboryl 
benzamidinate 104a in 88% purity (determined by integration of the CH(CH3) 
signals in the 1H NMR spectrum (Figure 16). The 11B NMR spectrum supports a 
higher selectivity of 95% (determined by integration of 11B resonances 9.9 ppm 
for the main product and 7.0 ppm for the rearrangement product 116), 
suggesting that one or more boron-free components are present in the mixture. 
Unfortunately, the purity of the product could not be increased by crystallization 
since further decomposition (see Section 3.1.2) was observed after storage in 
concentrated solution. In solution and in the ambient atmosphere, dichloroboryl 
benzamidinate 104a undergoes rapid and unselective oxidation. In the solid 
state, it tolerates short periods of exposure to air and moisture but decomposes 
overnight. Under argon, no decomposition is observed even upon prolonged 
heating above the melting point (mp. 198-203°C). 
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Scheme 31. Synthesis of dichloroboryl benzamidinate 104a from isolated lithium benzamidinate 
102 and possible rearrangement product 116. (Dip = 2,6- iPr2C6H3) 
 
Figure 16. 1H NMR spectrum of dichloroboryl benzamidinate 104a. Ratio of integrated Dip-
isopropyl-CH signals of 104a:side products 88:12. Rearrangement product 116 (marked with 
“+”), and doubly protonated ligand (marked with “#”). (Dip = 2,6- iPr2C6H3) 
 
3.1.4 Synthesis of N,N’-di-tbutyl-dichloroboryl benzamidinate 119 
In order to examine the influence of the substituents at nitrogen on the 
amidinate scaffold, tbutyl groups were chosen instead of Dip groups due to their 
stronger inductive electron-donating effect.  
In a first step carbodiimine 117 was reacted with phenyl lithium to form lithium 
benzamidinate 118, which after the removal of solvents and volatiles was used 
without further purification. The reaction with BCl3 solution in hexane (1.1 M) 
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was carried out in toluene at 0°C. Filtration from toluene and evaporation of the 
solvent afforded benzamidinate 119 in 52% crystalline yield at −26°C (Scheme 
32.). NMR spectroscopic investigations confirmed the purity of the compound 
with a single 11B NMR resonance at 6.1 ppm in the typical range. Unlike in the 
cases of 104a,b, no selectivity issues were encountered indicating that the 
tbutyl groups thermodynamically stabilize the four-membered ring in comparison 
to the previously applied Dip-substituents.  
 
Scheme 32. Synthesis of dichloroboryl benzamidinate 119 from carbodiimine 117 via lithium 
amidinate 118. 
 
3.1.5 Synthesis of dichloroboryl-N,N'-bis(2,6-diisopropylphenyl) 4-
(dimethylamino)benzamidinate 121 
 
Scheme 33. Synthesis of dichloroboryl benzamidinate 121. (Dip = 2,6- iPr2C6H3) 
In order to vary the electronic nature of the phenyl-ring an electron-donating 
group in para-position was introduced. To this end, carbodiimine 101 was 
reacted with 4-(dimethylamino)phenyllithium at 0°C to give amidinate 120 
(Scheme 33). Only 57% of the carbodiimine were converted after warming to 
room temperature, so the crude product was washed to obtain pure amidinate 
120 in 29% yield. A solution of BCl3 in hexane was added to a suspension of 
120 in toluene and at 0°C (Scheme 33). After stirring two hours at room 
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temperature, a mixture of products consisting of 55% of the desired 
dichloroboryl amidinate 121 was obtained. The main impurity showed a similar 
1H NMR-spectroscopic pattern (Figure 17) as described above for 104a and its 
suspected rearrangement product 116. A considerable higher amount of 
rearrangement product (122) suggests that the more electron-donating group 
may facilitate the ring-opening as the first step of the rearrangement process. 
The 11B NMR spectrum (Figure 18) shows one main product at 9.8 ppm 
(assigned to 121) and two additional resonances at 7.2 ppm (assumed 
rearrangement product 122) and 2.3 ppm (unidentified, minor side product). 
Purification by crystallization remained unsuccessful, hence the planned 
investigation of the reactivity of 121 was not pursued any further. 
 
Figure 17. 1H NMR spectrum of dichloroboryl benzamidinate 121 and rearrangement product 
122. Ratio of integrated Ar-aniline-CH signals of 121:proposed rearrangement product 122 
55:45. 121 marked with “$” and proposed rearrangement product 122 marked with “+”. 
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Figure 18. 11B NMR spectrum of dichloroboryl benzamidinate 121 and rearrangement product 
122. 
 
3.1.6 Synthesis of dichloroboryl-N,N'-bis(2,6-diisopropylphenyl) penta-
fluorobenzamidinate 124 
On the basis of the hypothesis that electron-donating groups in para-position 
facilitate the rearrangement of the benzamidinate core, the pentafluorophenyl 
group as -electron-withdrawing, but -electron-donating substituent was 
anticipated to confer higher resilience. Following previously established 
procedures, the reaction between carbodiimine 101 and pentafluorophenyl 
lithium at low temperatures yielded amidinate 124 quantitatively (determined by 
multinuclear NMR spectroscopy). The conversion with BCl3 in hexane or 
toluene at 0°C afforded 124 (Scheme 34) with high selectivity of 95% (as 
determined by 1H and 11B NMR spectroscopy). An 11B NMR resonance at 
10.8 ppm is in line with both isolated dichloroboryl benzamidinates 104a and 
119 above. Signals in the 19F NMR spectrum at −134.32 ppm, −143.15 ppm and 
−157.66 ppm display the typical pattern for a pentafluorophenyl-group. Finally, 
the isolation of 124 as single crystals from concentrated dichloromethane 
solution allowed for x-ray diffraction analysis and confirmed the anticipated 
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structure (see Section 3.2). In solution and in the ambient atmosphere, 
dichloroboryl benzamidinate 124 undergoes rapid and unselective oxidation. In 
the solid state, it tolerates short periods of exposure to air and moisture but 
decomposes overnight. Under argon, no decomposition is observed upon 
prolonged heating above the melting point (mp. >200°C). 
 
Scheme 34. Synthesis of dichloroboryl benzamidinate 124. (Dip = 2,6- iPr2C6H3) 
 
3.1.7 Synthesis of chlorophenylboryl-N,N'-bis(2,6-diisopropyl-phenyl) 
benzamidinate 126 
Another possible point of modification of the amidinato scaffold is the boron 
center. The effect of asymmetric substitution (one aromatic rest and one 
chlorine) at boron was thus explored. It was decided to follow literature and 
introduce the modified substituent at an early stage with the borane starting 
material.[34,46] The previously isolated lithium amidinate 102 was suspended in 
toluene and one equivalent of neat dichlorophenyl borane 125 was added 
(Scheme 35). After crystallization from toluene, benzamidinate 126 was isolated 
in 42% yield.  
The 11B NMR resonance at 12.6 ppm is slightly downfield shifted compared to 
the boron benzamidinates described above. The signal is broadened as a 
consequence of the lower symmetry as typically observed for multipolar nuclei. 
The 1H NMR spectrum (Figure 19) shows extensive broadening of the Dip-
CH(CH3)2 (3.84 ppm) and one of the Dip-CH(CH3)2 (1.25 ppm) signals, 
presumably due to hindered rotation caused by steric congestion. The doubly 
protonated ligand is detected as a minor side product even after crystallization 
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(5% by integration of the Dip-CH(CH3)2 signals, Figure 19). Reactivity studies 
were performed without further purification (see Section 3.4). 
 
Scheme 35. Synthesis of chlorophenylboryl benzamidinate 126. (Dip = 2,6- iPr2C6H3) 
 
Figure 19. 1H NMR spectrum of chlorophenylboryl benzamidinate 126. Doubly protonated 
ligand as minor side product is marked with “*”. 
 
3.1.8 Synthesis of chlorocyclohexylboryl-N,N'-bis(2,6-diisopropylphenyl) 
benzamidinate 128 
The influence of an aliphatic substituent at boron was of interest as well. In 
analogy to the protocol described above (Section 3.1.7), the isolated amidinate 
102 was suspended in toluene and neat dichlorocyclohexyl borane 127 was 
added at 0°C (Scheme 36). After crystallization from toluene, benzamidinate 
128 was isolated in 51% yield. In solution and in the ambient atmosphere, 
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chlorocyclohexyl benzamidinate 128 undergoes rapid and unselective oxidation. 
In the solid state, it tolerates short periods of exposure to air and moisture but 
decomposes overnight. Under argon, no decomposition is observed upon 
prolonged heating above the melting point (mp. 208-215°C). 
 
Scheme 36. Synthesis of chlorocyclohexylboryl benzamidinate 128. (Dip = 2,6- iPr2C6H3) 
The 11B NMR resonance at 14.0 ppm is slightly more downfield-shifted 
compared to other boron benzamidinates reported in this thesis due to reduced 
-donation at the boron center and broadened as a consequence of its lower 
symmetry (see also Section 3.1.7). As in case of 126, the 1H NMR spectrum 
(Figure 20) shows pronounced broadening of the Dip-CH(CH3)2 (3.85 ppm), 
cyclohexyl (1.70-1.62 ppm, 1.33 ppm) and one of the Dip-CH(CH3)2 (1.42 ppm) 
signals due to steric congestion.  
 
Figure 20. 1H NMR spectrum of chlorocyclohexylboryl benzamidinate 128. 
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3.1.9 Synthesis of chlorodimethylaminoboryl-N,N'-bis(2,6-diisopropyl-
phenyl) benzamidinate 130 
 
Scheme 37. Synthesis of chlorodimethylaminoboryl benzamidinate 130. (Dip = 2,6- iPr2C6H3) 
In order to probe the effect of increased electron density at the boron center, a 
dimethylamino group was attached. In analogy to the other procedures 
(Sections 3.1.7 & 3.1.8), the isolated amidinate 102 was suspended in toluene 
and neat Me2NBCl2 129 was added at 0°C (Scheme 37). Crystallization from 
hexane afforded benzamidinate 130 in 70% yield. All signals in the 1H NMR 
spectrum (Figure 21) are broadened but show a similar signal distribution as the 
benzamidinates described in preceding sections. The 11B NMR, however, with a 
broad resonance at 29.4 ppm suggested a tricoordinate aminoborane without 
the typical amidinate BN2C ring structure, which could be confirmed by x-ray 
diffraction analysis (Section 3.2). Open-chained structures of boryl 
formamidinates have been reported before and the dynamics of the solvent 
dependent equilibrium with the closed form of a boryl guanidate has also been 
studied.[35,45] In solution and in the ambient atmosphere, 
chlorodimethylaminoboryl benzamidinate 130 undergoes rapid and unselective 
oxidation. In the solid state, it tolerates short periods of exposure to air and 
moisture but decomposes overnight. Under argon, however, no decomposition 
is observed upon prolonged heating above the melting point (mp. 137-141°C). 
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Figure 21. 1H NMR spectrum of chlorodimethylaminoboryl benzamidinate 130. 
 
3.1.10 Synthesis of N,N'-di-tbutyl-chlorodimethylaminoboryl 
benzamidinate 131 
Since the presence of a dimethylamino group at boron had a marked influence 
on the complexation behaviour in 130 in comparison to the other N-Dip 
substituted boryl benzamidinates, the analogous N-tbutyl substituted amidinato 
derivative was also of interest, although the dichloro derivatives 104a and 119 
showed no major structural differences.  
In a first step carbodiimine 117 was reacted with phenyl lithium to yield lithium 
benzamidinate 118, which after removal of solvents and volatiles was used 
without further purification. The reaction with dichloro(dimethylamino)borane in 
toluene at 0°C, filtration from hexane and evaporation of the solvent afforded 
benzamidinate 131 in 15% crystalline yield at 5°C (Scheme 38). The NMR 
spectroscopic investigations showed one 11B NMR resonance at 8.2 ppm in the 
typical range for a four-coordinate boron center as most of the other 
benzamidinate complexes discussed previously. Hence, in this case the 
formation of an BN2C ring is assumed in contrast to the open-chained form of 
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130. This interpretation is in line with the well-established fact[200] that the tbutyl 
groups increase the donor ability of the amidine-N atoms significantly.  
 
Scheme 38. Synthesis of chlorodimethylaminoboryl benzamidinate 131. 
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3.2. Structural comparison of the solid-state structures of 
various boron benzamidinates 
The isolated and crystallized benzamidinates 104a, 119, 124, 126, 128 and 131 
all feature the typical allylic coordination mode in the solid state (Figure 22). 
Single crystals suitable for x-ray diffraction analysis were grown either from a 
concentrated dichloromethane solution (104a, 119, 124, 126), a concentrated 
toluene solution (128) or a concentrated hexane solution (131). The endocyclic 
B-N bond lengths for 104a, 119 and 124 (1.561(1) Å-1.59(2) Å) are in the typical 
range, whereas benzamidinates with increased steric bulk around the boron 
center (126, 128, 131) show slightly elongated endocyclic B-N distances 
between 1.604(3) Å and 1.646(2) Å. However, C-N distances between 
1.320(2) Å and 1.334(2) Å are comparable to previously reported boron 
benzamidinates.[33,38,41,46] Note that 104a and 119 are highly symmetric. 
Consequently, the endocyclic B-N and C-N bond lengths are the same, hence 
demonstrating the delocalization of the CN-double bond over the NCN-scaffold. 
The latter is also indicated for the other cyclic benzamidinates by small C-N 
bond length differences of CN = dC-N(1.332 Å)−dC=N(1.330 Å) = 0.002 Å for 124, 
CN = dC-N(1.343 Å)−dC=N(1.332 Å) = 0.011 Å for 126, CN = dC-N(1.344 Å)− 
dC=N(1.329 Å) = 0.015 Å for 128 and CN = dC-N(1.339 Å)−dC=N(1.320 Å) 
= 0.019 Å for 131. The C1-C2 (1.42(2) Å) bond in 104a is slightly shorter by 
0.042-0.057 Å than those reported, hinting at possible -interaction between the 
two delocalized systems, whereas the remaining benzamidinates 119, 124, 126, 
128 and 131 show C-C distances (from 1.467(2) Å to 1.483(2) Å) in the typical 
range.[33,38,41,46] The N-C-N (101.5(1)°-104(1)°) and N-B-N (80.0(1)°-84(1)°) 
angles are also in the typical range for such four-membered BN2C 
rings.[33,38,41,46] The sum of endocyclic angles of the ring add up to ≈360° in all 
cases, confirming perfect planarity. Although most of the benzamidinate 
complexes published so far show an orthogonal arrangement of the phenyl ring 
to the BN2C-ring, the angle between the two planes in 104a is only 36.7°, in 124 
45.6°, in 126 35.6° and in 128 even 24.0° providing support for a certain -
interaction between the phenyl ring and the amidinate core structure. In 
contrast, N-tbutyl substituted benzamidinates 119 (angle between planes: 81.9°) 
and 131 (angle between planes: 88.2°) show a nearly orthogonal setup.  
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Figure 22. Molecular structures of boryl benzamidinates 104a, 119, 124, 126, 128 and 131. For 
detailed information see next page. 
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Figure 22 continued. Top left: Molecular Structure of 104a in the solid state (ellipsoids at 50% 
probability, hydrogen atoms omitted for clarity, asymmetric unit doubled). Selected bond lengths 
[Å] and angles [°]: Cl1-B1 1.81(1), N1-B1 1.59(2), N1-C1 1.34(1), C1-C2 1.42(2), C1-N1-B1 
85.9(7), N1-B1-N1’ 84(1), N1-C1-N1’ 104(1). Top right: Molecular Structure of 119 in the solid 
state (ellipsoids at 50% probability, hydrogen atoms omitted for clarity, asymmetric unit 
doubled). Selected bond lengths [Å] and angles [°]: Cl1-B1 1.8364(8), N1-B1 1.561(1), N1-C1 
1.336(1), C1-C2 1.478(2), C1-N1-B1 87.73(6), N1-B1-N1’ 83.04(8), N1-C1-N1’ 101.5(1). Middle 
left: Molecular Structure of 124 in the solid state (ellipsoids at 50% probability, hydrogen atoms 
and co-crystallized dichloromethane omitted for clarity). Selected bond lengths [Å] and angles 
[°]: Cl1-B1 1.811(2), Cl2-B1 1.818(2), N1-B1 1.588(2), N2-B1 1.585(3), N1-C1 1.330(2), N2-C1 
1.332(2), C1-C14 1.469(2), C1-N1-B1 87.4(1), C1-N2-B1 87.5(1), N1-B1-N2 82.0(1), N1-C1-N2 
103.0(2). Middle right: Molecular Structure of 126 in the solid state (ellipsoids at 50% 
probability, hydrogen atoms, co-crystallized dichloromethane and second molecule in the 
asymmetric unit omitted for clarity). Selected bond lengths [Å] and angles [°]: Cl1-B1 1.847(2), 
C32-B1 1.592(3), N1-B1 1.604(3), N2-B1 1.620(3), N1-C1 1.343(2), N2-C1 1.332(2), C1-C2 
1.471(3), C1-N1-B1 88.6(2), C1-N2-B1 88.3(2), N1-B1-N2 80.6(1), N1-C1-N2 102.4(2). Bottom 
left: Molecular Structure of 128 in the solid state (ellipsoids at 50% probability, hydrogen atoms 
and co-crystallized toluene omitted for clarity). Selected bond lengths [Å] and angles [°]: Cl1-B1 
1.868(2), C8-B1 1.586(2), N1-B1 1.611(2), N2-B1 1.595(2), N1-C1 1.329(2), N2-C1 1.344(2), 
C1-C2 1.467(2), C1-N1-B1 88.50(9), C1-N2-B1 88.66(9), N1-B1-N2 80.79(9), N1-C1-N2 
102.1(1). Bottom right: . Molecular Structure of 131 in the solid state (ellipsoids at 50% 
probability, hydrogen atoms and disorder of one tbutyl-group omitted for clarity). Selected bond 
lengths [Å] and angles [°]: Cl1-B1 1.870(2), N3-B1 1.440(2), N2-B1 1.646(2), N1-B1 1.576(2), 
N1-C1 1.339(2), N2-C1 1.320(2), C1-C2 1.483(2), C1-N1-B1 90.0(1), N1-B1-N2 80.0(1), N1-C1-
N2 102.4(1), C1-N2-B1 87.7(1). 
In contrast to above mentioned boron benzamidinates, single crystal x-ray 
analysis confirmed an open chained form of benzamidine 130 (Figure 23). The 
C25-N1 distance (1.280(1) Å) is significantly shorter than the C25-N2 distance 
(1.400(1) Å) indicating a double bond between C25 and N1 and a single bond 
between C25 and N2. The bond length difference (CN = d(C-N)-d(C=N)) of 
0.1201 Å is even slightly larger than in trimethylsilyl amidine 103, consequently 
no delocalization of the double bond is assumed. The B-N3 distance 
(1.383(2) Å) is 0.080 Å shorter than the B-N2 distance indicating a more 
pronounced -donation from N3 than from N2. The C25-C26 bond length 
(1.501(2) Å) and the N-C-N angle (118.07(9)°) are in the same range as in 
trimethyl benzamidine 103. All in all, 130 and 103 show the same bonding 
situation, except for the arrangement of the Dip group around the C-N-single 
bond in the solid state.  
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Figure 23. Molecular Structure of 130 in the solid state (ellipsoids at 50% probability, hydrogen 
atoms omitted for clarity). Selected bond lengths [Å] and angles [°]: Cl1-B1 1.8067(1), N3-B1 
1.383(2), N2-B1 1.464(2), N1-C25 1.280(1), N2-C25 1.400(1), C25-C26 1.501(2), C25-N2-B1 
125.64(9), N1-C25-N2 118.07(9), N2-B1-N3 126.9(1). 
 
3. Results and Discussion 
55 
3.3. Reduction attempts of dihaloboryl-N,N'-bis(2,6-
diisopropylphenyl) benzamidinates 104a,b 
Group 13 element(I) N-heterocycles are of considerable interest due to their 
unique structural properties. The donor-free parent species feature two 
perpendicular vacant p-orbitals and at the same time a lone pair of electrons at 
the triel center leading to ambiphilic properties, comparable to those of the more 
common tetrylenes.[56] Amidinate and related ligands stabilize this bonding 
situation by -donation into one of the empty p-orbitals and -donation into the 
other. While four-membered heterocycles containing gallium(I), indium(I) and 
thallium(I) have successfully been stabilized by either guanidate or amidinate 
ligands, the analogous aluminum and boron ring systems remain elusive.[56] 
Attempts to synthesize said boron(I) heterocycles have been made in the past, 
but remained unsuccessful so far. [27,28,39] With the dihaloboryl benzamidinates 
104a,b in hand, several reduction attempts to species such as 132 were 
performed. 
 
Scheme 39. Reduction attempts of dichloroboryl benzamidinate 104a,b to aimed at structure 
132. (Dip = 2,6- iPr2C6H3) 
A variety of reducing agents were applied to both dibromo- and dichloroboryl 
benzamidinate 104a,b. The Jones magnesium(I) reagent [{(DipNacnac)Mg}2][201] 
as mild reductant did not react with the starting material 104a even after stirring 
overnight. Similarly, the stochiometric use of disodium tetracarbonylferrate 
(Collman’s reagent) in an attempt to trap the emerging boron(I) species in the 
coordination sphere of an Fe-center did not lead to full conversion in a number 
of solvents: stirring in toluene for 1h at room temperature lead to no conversion 
at all, so that dme was added to facilitate electron transfer. After 4 days at room 
temperature in a toluene/dme-mixture, 75% conversion to a mixture of products 
(according to isopropyl-CH resonances in the 1H NMR spectrum) was reached. 
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Another experiment in thf at room temperature was stirred for 8 days, which 
lead to 90% conversion (according to isopropyl-CH resonances in the 1H NMR 
spectrum). No 11B NMR resonance was detected for the product, which could 
be taken as an indication for either radical components or the presence of an 
equilibrium mixture. The application of stochiometric amounts of lithium powder 
with catalytic amounts of naphthalene in dme or stochiometric amounts of 
lithium naphthalenide solution in dme to benzamidinate 104a,b only resulted in 
partial conversion to a mixture of products as indicated by 1H NMR 
spectroscopy. Potassium graphite (4 eq.) or a large excess of lithium powder in 
combination with stochiometric or catalytic amounts of naphthalene led to full 
conversion to a mixture of unidentified products.  
A possible reason for the difficulties to achieve a uniform conversion could be 
the lack of stability of the targeted boron(I) heterocycle due to the small singlet-
triplet-gap predicted for borylenes such as 132. [27,202] As carbene-analogues 
are well known to be stabilized by coordination of an external base such as 
iPr2Me2NHC, the reaction was repeated in the presence of one equivalent of this 
NHC using an excess of lithium powder and stochiometric amounts of 
naphthalene. In these cases, an unidentified mixture of products had formed as 
well. Any attempt to stabilize the emerging boron(I) species remained thus 
unsuccessful.  
Considering the results described above, curiosity arose whether other 
structurally related ligands would be more suitable to stabilize the desired 
boron(I) species. DFT calculations at the BP86+D3(BJ)/def2-SVP level of theory 
were performed to gather information on the singlet-triplet gaps. In Figure 24 
the considered structures are shown including the calculated singlet-triplet-
gaps. According to these theoretical results, a guanidate ligand as in 133 would 
be superior to the amidinate ligand as in 132. The largest singlet-triplet gap 
(27.4 kcal mol−1) was calculated for the anionic structure 134 suggesting its 
isolation as a viable task for future investigations. 
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Figure 24. Considered structures and their calculated singlet-triplet-gaps at the 
BP86+D3(BJ)/def2-SVP level of theory. (Dip = 2,6- iPr2C6H3) 
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3.4. Reactivity of boryl benzamidinates  
3.4.1 Reactivity of benzamidinate 104a towards NHCs 
N-heterocyclic carbenes (NHCs) as strong bases and nucleophiles are known 
to stabilize otherwise highly reactive cationic species to such an extent that the 
dissociation even of comparatively nucleophilic anions such as chloride is 
prompted.[55] Dihaloboryl benzamidinate complexes have so far not been 
studied in this regard. The closest approach was reported by Jones and 
Aldridge with the reaction of Yamashita`s boryllithium reagent (thf)2Li-
{B(NDipCH)2}[62,65] 28, which is isoelectronic to an NHC, towards dibromoboryl 
benzamidinate 1d. In this case, a nucleophilic attack at the imine carbon occurs 
with subsequent elimination of lithium bromide to yield 29 (see Section 1.2, 
Scheme 6). [43,44] 
Since some attempts to reduce dichloroboryl benzamidinate complex 104a,b to 
the corresponding boron(I) species (see Section 3.3) involved the addition of an 
N-heterocyclic carbene for potential stabilization of the targeted borylene 132, 
the reactivity of 104a,b towards NHCs needed to be tested beforehand. As a 
first result we observed that remaining impurities in 104a react with iPr2Me2NHC 
135 instantly and precipitate leaving pure 104a and excess NHC 135 in C6D6-
solution (Figure 25).  
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Figure 25. Comparison of spectra of 104a with remaining impurities (bottom) and after addition 
of 2.2 eq. iPr2Me2NHC 135 (top). 
After filtration, the reaction mixture was stirred for two days at room temperature 
leading to partial conversion to a uniform product according to NMR 
spectroscopy. In order to increase the reaction rate, elevated temperatures 
(70°C) were applied resulting in full conversion after eight days provided two 
equivalents of NHC were applied initially. Previous experiments showed that the 
application of only one equivalent NHC leads only to 50% conversion although 
all the NHC is consumed. Consequently, two equivalents of NHC 135 were 
required for full conversion. Additionally, precipitation was observed in the 
course of the reaction. The precipitate was washed with benzene and dissolved 
in CDCl3 to be identified by 1H NMR spectroscopy as the imidazolium-salt-
byproduct (iPr2Me2NHC●HCl) due to HCl elimination in the course of the reaction.  
3. Results and Discussion 
60 
 
Figure 26. 1H NMR spectrum of the Imidazolium-salt-byproduct (iPr2Me2NHC●HCl). 
The 1H NMR spectrum of the main product (Figure 27) shows six iPr-CH 
resonances of equal intensity in the range between 5.5 ppm and 3.0 ppm 
suggesting an asymmetric product with two chemically inequivalent Dip groups 
and one molecule of iPr2Me2NHC. The broad 11B NMR resonance at 1.5 ppm 
suggests a tetracoordinate boron center and a signal at 161.5 ppm in the 13C 
NMR spectrum is in line with the presence of a datively bonded NHC.  
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Figure 27. 1H NMR spectrum of benzazaborole 136. 
The crude mixture was extracted with benzene and washed with hexane twice, 
affording a clean product in moderate yield (41%). Single crystals were grown 
from a concentrated benzene solution layered with hexane. X-ray diffraction 
analysis revealed the constitution of benzazaborole 136 (Scheme 40, Figure 28) 
exhibiting a similar structural motif as the postulated rearrangement product 116 
(Section 3.1.2). The bond distance between the carbenic carbon atom and the 
boron center is at 1.660(4) Å slightly longer than in the corresponding BCl3-NHC 
complex (1.644 Å)[203] hinting at a slightly weaker coordination. The B-Cl bond is 
significantly elongated as well (1.943(3) Å) compared to those of the BCl3-NHC 
complex (1.873 Å). Structurally related benzazaboroles were reported by Dostal 
with B-N bond lengths between 1.403 Å and 1.431 Å. In contrast to 136, the 
boron center in Dostal’s compounds is tricoordinate.[204,205] Expectedly, the B-N 
distance in 136 is elongated (1.533(3) Å) due to tetra-coordination of the boron 
atom, which excludes any B-N -interaction. 
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Figure 28. Molecular Structure of 136 in the solid state (ellipsoids at 50% probability, hydrogen 
atoms and co-crystallized benzene omitted for clarity). Selected bond lengths [Å] and angles [°]: 
Cl1-B1 1.943(3), C20-B1 1.660(4), N1-B1 1.533(3), N1-C7 1.383(3), N2-C7 1.287(3), C7-N1-B1 
113.0(2), N1-C7-N2 121.5(2), C7-N2-CDip 120.9(2), N1-B1-CPh 100.0(2), N1-B1-C20 114.9(2), 
C20-B1-Cl1 106.3(2). 
The proposed reaction mechanism is shown in Scheme 40. Although the 
sequence of events remains unclear at this point, it can be assumed that the 
closed form 104a and the open chained form 104a’ are in equilibrium, which is 
shifted mostly to 104a. This process could be the rate limiting step. Next, one 
equivalent of NHC 135 as a strong nucleophile coordinates to the boron center 
of 104a’ thus removing the latter from the equilibrium to give 137 as first 
intermediate. The second equivalent of NHC presumably acts as a base and as 
such deprotonates the phenyl-ring of 137 in ortho-position. The newly 
generated carbanionic center in the second intermediate 138 plausibly attacks 
the boron center. Finally, the elimination of chloride would result in the isolated 
product 136. Further CH-activations in analogous benzamidinate-positions are 
only known from thermal rearrangement of a bis-silylene[206] or a Palladium-
complex[207]. In solution and in the ambient atmosphere, benzazaborole 136 
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undergoes rapid and unselective oxidation. In the solid state, it tolerates short 
periods of exposure to air and moisture but decomposes overnight. Under 
argon, decomposition is observed upon prolonged heating above the melting 
point (mp. >220°C). 
 
Scheme 40. Synthesis and proposed formation mechanism of benzazaborole 136. (Dip = 2,6- 
iPr2C6H3) 
Due to steric hindrance the reaction is slow even at 70°C. To reduce the 
reaction time the use of toluene as solvent was attempted in order allow for 
higher reaction temperatures. Unfortunately, side products were observed when 
heating the reaction mixture at 100°C for four days.  
As an alternative, decreasing the steric bulk of the NHC could speed up the 
reaction. Therefore, in an NMR scale reaction boron benzamidinate 104a was 
dissolved in C6D6 and added to two equivalents of Me4NHC 139 (Scheme 41). 
The reaction was monitored by 1H and 11B NMR spectroscopy. After 10 minutes 
the 1H NMR spectrum started to show an unselective conversion to a mixture of 
products. 11B NMR shows one sharp signal at 9.9 ppm (starting material), one 
broad signal at 4.7 ppm and one very broad signal at −0.1 ppm. Overnight, 
104a is nearly fully consumed and converted to a complex mixture of 
unidentified products (1H NMR spectrum). The 11B NMR showed one very broad 
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resonance at 0.0 ppm, representing the mixture of products observed in the 1H 
NMR spectrum, and some residual starting material (9.9 ppm). The use of only 
one equivalent Me4NHC results in a similar mixture, except for a higher amount 
of starting material 104a remaining (Scheme 41). 
 
Scheme 41. Attempted reaction of dichloroboryl benzamidinate 104a with Me4NHC. (Dip = 2,6- 
iPr2C6H3) 
 
3.4.2. Attempted NHC abstraction from iPr2Me2NHC coordinated 
benzazaborol-3-imine 136 
Based on the presence of a nitrogen atom directly adjacent to the electron-
deficient boron center of benzazaborole 136 we hypothesized that the 
coordination of the NHC may not be necessary for the stability of the molecule 
and be therefore only loosely bonded. Stronger Lewis acids, e.g. 
triphenylborane or its perfluorinated version, are known to act as NHC 
scavenger in such situations shifting any equilibrium towards the NHC-free 
substrate under concomitant formation of the corresponding NHC-triarylborane 
complex.[208-212]  
 
Scheme 42. Reaction of benzazaborole 136 with triphenylborane 140. (Dip = 2,6- iPr2C6H3) 
In an NMR scale reaction, the attempted NHC abstraction with BPh3 in C6D6 
(Scheme 42) did not proceed at room temperature, whereas heating at 70°C for 
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one day resulted in a mostly uniform product mixture according to the 1H NMR 
spectrum (Figure 29). Disregarding the overlapping aryl resonances, a 
characteristic septet at 5.02 ppm (2H), the singlet at 1.52 ppm (6H) and the 
doublet at 0.69 ppm (12H) were assigned to NHC-borane complex 141.[208] 
Hence, the remaining signals in the alkyl region (3.21, 3.14 (each sept, 
altogether 4H), 1.28, 1.26 (each d, altogether 12H,), 1.06, 0.99 (each d, each 
6H) are attributed to 142. In the 11B NMR spectrum (Figure 30) a relatively 
sharp resonance at −8.1 ppm, as reported for the NHC-borane complex 141[208], 
supports the hypothesis that the targeted NHC-borane complex 141 was 
formed.[208-212] Additionally three broad resonances were detected. One of the 
two more downfield shifted signals (57.5 ppm, 43.6 ppm) would be attributed to 
the product of type 142 (Scheme 42). The existence of an equilibrium cannot be 
excluded based on the present data. The chemical shift of 0.6 ppm hints at a 
tetracoordinated, yet unidentified, boron species. For final peak assignment, the 
reaction needs to be repeated in a bigger scale and the product purified.  
 
Figure 29. 1H NMR spectrum of the reaction between benzazaborole 136 and triphenylborane 
(140). 
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Figure 30. 11B NMR spectrum of the reaction between benzazaborole 136 and triphenylborane 
(140). 
As the reaction with triphenylborane required elevated temperatures, we tried 
the perflourinated triphenylborane as a more reactive alternative. In an NMR 
scale reaction, both starting materials 136 and 143 were dissolved in C6D6 and 
an immediate, uniform reaction was observed NMR spectroscopically. The 1H 
NMR spectrum (Figure 31) shows 10 aryl protons, one septet for coordinated 
NHC-CH(CH3)2 protons (4.16 ppm, 2H) and two septets for Dip-CH(CH3)2 
protons (2.94 ppm, 2.85 ppm, altogether 4H). All remaining alkyl protons add up 
to 42 which fits perfectly to a species similar to the starting material 136. In fact, 
the distribution of 1H NMR signals resembles the one of the reaction mixture 
with BPh3 (Figure 29). 
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Figure 31. 1H NMR spectrum of the reaction between benzazaborole 136 and perfluorinated 
triphenylborane (143). 
The 11B NMR spectrum (Figure 32), however, shows the expected sharp signal 
of the NHC-borane complex (−16.5 ppm[213]) only as minor component in the 
reaction mixture. One major, very broad resonance at −2.9 ppm and one 
additional sharp signal at 10.0 ppm (unidentified side product) of much lower 
intensity is identified. Hence both boron centers in the main product must be 
represented by the broad resonance at −2.9 ppm and therefore be 
tetracoordinate. The 19F NMR spectrum (Figure 33) shows mainly the three 
resonances at −131.48 ppm, −160.75 ppm and −166.16 ppm in the required 
2:1:2 ratio. 
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Figure 32. 11B NMR spectrum of the reaction between benzazaborole 136 and perfluorinated 
triphenylborane (143). 
 
Figure 33. 19F NMR spectrum of the reaction between benzazaborole 136 and perfluorinated 
triphenylborane (143). 
On the basis of the available data, the imine coordinated B(C6F5)3 144 (Scheme 
43) is a plausible constitution for the product. The backbone of 136 is still intact 
3. Results and Discussion 
69 
according to the 1H NMR spectrum and both boron centers appear to be 
tetracoordinate. Given that only little NHC-B(C6F5)3 complex appears to have 
been formed, according to the 11B NMR spectrum, the double donor-acceptor 
complex 144 is the simplest remaining explanation.  
 
Scheme 43. Reaction between benzazaborole 136 and perfluorinated triphenylborane (143). 
(Dip = 2,6- iPr2C6H3) 
 
3.4.3 Reactivity of further boron benzamidinate complexes towards NHCs 
To examine whether the discovered reaction pathways of benzamidinate 104a 
with N-heterocyclic carbenes (Section 3.4.1) are of general relevance, a 
selection of benzamidinate complexes with other substituents were reacted with 
NHCs. 
Boryl benzamidinates 119 and 128 do not react with the sterically demanding 
iPr2Me2NHC at all, not even at elevated temperatures (Scheme 44). The reason in 
case of 119 is probably thermodynamic in nature, since the steric bulk is 
reduced compared to 104a which does react with iPr2Me2NHC to benzazaborole 
136 (see Section 3.4.1). In contrast, the reaction of 128 with iPr2Me2NHC is most 
likely kinetically inhibited because of significantly increased steric bulk 
compared to 104a due to the presence of a cyclohexyl substituent at boron in 
addition to Dip groups at the nitrogen centers. 
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Scheme 44. Reactivity of benzamidinates 119 (R = tBu, Xa = Xb = Cl) and 128 (R = Dip, Xa = Cl, 
Xb = cyclohexyl) towards iPr2Me2NHC 135. (Dip = 2,6- iPr2C6H3) 
The treatment of chlorophenylboryl benzamidinate 126 with one equivalent of 
iPr2Me2NHC 135 (Scheme 45) in relatively concentrated C6D6-solution (0.2 M) 
results in an insoluble solid overnight, which was not further characterized. In an 
attempt to reduce solubility issues the reaction was carried out in a more diluted 
benzene solution (Scheme 45, 0.02 M). Even after 5 days at room temperature, 
however, the starting materials remain the major component detected in the 1H 
NMR spectrum (135:126 = 2:1) alongside minor unidentified products. Although 
the observed 11B NMR signals at 12.6 ppm, 4.3 ppm and −4.5 ppm are likely 
due to tetracoordinate boron centers (Figure 34), the 1H NMR is not in line with 
a benzazaborole structure analogous to 136, since no signals are detected in 
the range (4.5 - 5.5 ppm) for the the low field shifted iPr-CH signals of the 
coordinated NHC. 
 
Scheme 45. Reactivity of chlorophenylboryl benzamidinate 126 towards iPr2Me2NHC 135. (Dip = 
2,6- iPr2C6H3) 
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Figure 34. 11B NMR spectrum of the reaction mixture after strirring 5 days at room temperature 
in benzene with c = 0.02 M. 
In order to reduce kinetic hindrance by steric repulsion, 119 and 128 were 
reacted with the smaller Me4NHC 139 (Scheme 46). Heavy precipitation of an 
insoluble solid was observed in both cases. The filtrate of the reaction of 119 
was analyzed by 1H and 11B NMR spectroscopy showing mainly the starting 
material benzamidinate 119.  
 
Scheme 46. Reactivity of benzamidinates 119 (R = tBu, Xa = Xb = Cl) and 128 (R = Dip, Xa = Cl, 
Xb = cyclo-hexyl) towards Me4NHC 139. (Dip = 2,6- iPr2C6H3) 
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3.4.4. Reactivity of boron benzamidinates towards metalorganic reagents 
Since the reaction of benzamidinate complex 104a with NHC to benzazaborole 
136 (see Section 3.4.1) involves a deprotonation step, the question arose 
whether a similar transformation could also be effected by the reaction of strong 
anionic bases with the boron benzamidinate complexes. 
 
Scheme 47. Reactivity of benzamidinates 104a (Xa = Xb = Cl) and 128 (Xa = Cl, Xb = cyclo-
hexyl) towards metalorganic reagents. (Dip = 2,6- iPr2C6H3) 
Benzamidinates 104a and 128 were treated in an NMR scale reaction in C6D6 at 
room temperature with the following metalorganic reagents: iPrMgCl (2 M 
solution in thf), nBuLi (2.5 M solution in hexanes, only 104a) and KN(SiMe3)2 
(Scheme 47). In neither case any reaction could be observed by multinuclear 
NMR spectroscopy. Even elevated temperatures (60-70°C) could not invoke 
reactions between benzamidinates 104a and 128 and the metalorganic 
reagents. 
In contrast, the amino-chloro-boryl benzamidinate complex 130 readily reacts 
with iPrMgCl in a benzene/thf mixture, albeit not to the anticipated 
benzazaborole structure. Full conversion is reached overnight, and the 
formation of a uniform product was observed (Scheme 48).  
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Scheme 48. Synthesis and proposed mechanism of diazaboretidine 145. (Dip = 2,6- iPr2C6H3) 
The resonance in the 11B NMR spectrum at 24.7 ppm indicates a tricoordinate 
aminoborane. In the 1H NMR spectrum only six resonances are observed in the 
aromatic region, which are attributed to the Dip substituents without exception. 
Apparently, the phenyl ring underwent dearomatization and indeed two doublets 
at 5.93 and 4.90 ppm, each corresponding to two vinylic hydrogen atoms, 
support a cyclohexadiene structure. The doublet at 0.79 ppm with an integration 
of six protons strongly suggests that the isopropyl group had been incorporated 
into the product. Crystallization from a concentrated hexane solution at 0°C 
afforded single crystals in 23% yield. X-ray diffraction analysis confirmed the 
quinoidic structure 145 (Figure 35). The endocyclic B-N distances (N1-B1 
1.460(1) Å, N2-B1 1.464(1) Å) are longer than those in the four membered ring 
29 (1.410 Å, 1.412 Å) isolated by Jones and Aldridge.[43],[44] The exocyclic B-N 
bond length (1.385(1) Å) is similar to that in Bertrand’s four membered NHC 
(1.370 Å).[35] The C1-C2-distance (1.357(1) Å) is shortened in comparison to the 
corresponding bond in the precursor molecule 130 (1.501(2) Å) confirming a 
substantial double bond character due to -backdonation of the nitrogen lone 
pair into the vacant p-orbital at the boron center. 
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Figure 35. Molecular Structure of 145 in the solid state (ellipsoids at 50% probability, hydrogen 
atoms omitted for clarity). Selected bond lengths [Å] and angles [°]: N3-B1 1.385(1), N1-B1 
1.460(1), N2-B1 1.464(1), N1-C1 1.417(1), N2-C1 1.421(1), C1-C2 1.357(1), N3-B1-N1 
134.88(9), N3-B1-N2 135.21(9), N2-B1-N1 89.91(7), B1-N2-C1 88.11(7), B1-N1-C1 88.42(7), 
N2-C1-N1 93.47(7). 
The reactivity of boron benzamidinates as electrophiles is generally not well 
explored, except for one example provided by Jones and Aldridge.[43,44] 
Considering that the starting material 130 offers one other obvious electrophilic 
center at the chloroborane part, the nucleophilic dearomatization is somewhat 
surprising. However, this kind of reaction is widely known for naphthyl- and 
phenyl-oxazolines (Scheme 49), which are structurally similar to the amidine 
moiety in 130.[214-218]  
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Scheme 49. Reactivity of naphthyl- and phenyl-oxazolines towards organolithium 
reagents.[214,218] 
The first reaction step is likely a 1,6-addition of the iso-propyl magnesium 
chloride resulting in intermediate 146 (Scheme 48). In contrast to the more 
prominent 1,4-addition[214-218], the observed 1,6-adition is probably preferred 
due to steric hindrance at the o-phenyl-positions. The next logical step would be 
the nucleophilic attack of the amide nitrogen at the boron center followed by 
MgCl2 elimination and formation of diazaboretidine 145. In solution and in the 
ambient atmosphere, diazaboretidine 145 undergoes rapid and unselective 
oxidation. In the solid state, it tolerates exposure to air and moisture overnight. 
Under argon, no decomposition is observed upon prolonged heating above the 
melting point (mp. 145-147°C). 
The reactivity of other metalorganic reagents, i.e. nbutyl lithium, potassium 
hexamethyldisilazide and lithium disilenide[219,220] towards 130, was investigated 
in NMR scale reactions. 11B and especially 1H NMR spectra with the 
characteristic cyclohexadiene signals between 5.88 ppm and 4.81 ppm 
(Table 2) strongly suggest the formation of the analogous structural motifs 152, 
153, 154 (Scheme 50). The crude product of the reaction between 130 and 
lithium disilenide shows 29Si NMR resonances at 75.9 ppm and 57.0 ppm, 
indicating the presence of an uncompromised Si=Si double bond in the 
product.[219,220] The addition of iPr2Me2NHC 135 to the reaction mixture of 130 with 
KHMDS in an attempt to modify the reactivity had no effect.  
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Scheme 50. Reactivity of chlorodimethylaminoboryl benzamidine 30 towards various 
metalorganic reagents. R-M = nBuLi, KHMDS, (Tip)2Si=SiTipLi; 152: R = nButyl; 153: R = 
N(SiMe3)2; 154:R = Si(Tip)=Si(Tip)2 (Dip = 2,6- iPr2C6H3, Tip = 2,4,6- iPr3C6H3) 
Table 2. Multinuclear NMR resonances of isolated diazaboretidine 145 and spectroscopically 
observed diazaboretidines 152, 153 and 154. 
 
1H NMR cyclohexadiene 
resonances [ppm] 
11B NMR resonances 
[ppm] 
145 5.93 (dd), 4.90 (dd) 24.7 
152 5.88 (dd), 4.96 (dd) 24.6 
153 5.74 (dd), 4.81 (dd) 24.9 
154 5.58 (dd), 5.23 (dd) 26.7 
 
3.4.5 Reactivity of diazaboretidine 145 - attempted exchange of NMe2 with 
Cl 
The NMe2-group at the boron center is rather unreactive. Therefore, this boron 
center is unsuitable to transfer the whole structural motif to nucleophiles. It is 
well known that in an comproportionating reaction with half an equivalent of 
BCl3 an NMe2-group can be replaced by a chloro group thus generating an 
electrophilic, site at the boron center.[92,221,222] Accordingly, diazaboretidine 145 
was dissolved in hexane, cooled to 0°C and 0.5 equivalents of BCl3 solution in 
hexane was added dropwise via syringe (Scheme 51).  
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Scheme 51. Reaction between diazaboretidine 145 and BCl3. (Dip = 2,6- iPr2C6H3) 
After warming to room temperature and removal of solvents in vacuum and 
other volatile components, 11B NMR spectroscopic analysis of the reaction 
mixture (Figure 36) showed starting material (24.8 ppm) and several 
tetracoordinated boron species (9.9 ppm, 8.5 ppm, 7.0 ppm, 2.8 ppm (br s)).  
Storage at 5°C overnight in C6D6 resulted in the consumption of starting 
material and only one broad resonance with low intensity in the 11B NMR 
spectrum (Figure 37), meaning that the reaction was not finished yet, when the 
first NMR spectra were recorded. Thus, reaction time probably needs to be 
extended. 
 
Figure 36. 11B NMR spectrum of the reaction between diazaboretidine 145 and BCl3 after 
warming to room temperauture. 
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Figure 37. 11B NMR spectrum of the reaction between diazaboretidine 145 and BCl3 after 
storage overnight at 5°C. 
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3.5 Concluding Remarks 
In summary, in this part of the PhD thesis the synthesis and reactivity of boryl 
amidinates was reported. They were routinely generated by salt metatheses of 
lithium amidinates and haloboranes. A great benefit of this synthetic strategy is 
the easy variation of ancillary substituents of the ligand system. The ligand-
combination of N-Dip substituted chloro-dimethylamino-boryl benzamidinate 
leads to the isolation of the open chained derivative 130, in stark contrast to the 
N,N-chelating form adopted by the other boryl amidiantes 104a, 119, 124, 126, 
128 and 131 (Scheme 52). Boryl benzamidinates 104b and 121 as well as 
benzazaboroles 116 and 122, which were postulated as rearrangement 
products of 104a and 121, respectively, could only be detected NMR 
spectroscopically (Scheme 52).  
 
Scheme 52. Reported boryl benzamidinates 104a: Ar = Ph, R = Dip, X = Y = Cl, ; 104b: Ar = 
Ph, R = Dip, X = Y = Br, 119: Ar = Ph, R = tBu, X = Y =  Cl, 121: Ar = Ph-NMe2, R = Dip, X = Y = 
Cl, 124: Ar = C6F5, R = Dip, X = Y = Cl, 126: Ar = Ph, R = Dip, X = Cl, Y = Ph, 128: Ar = Ph, R = 
Dip, X = Cl, Y = cyclohexyl, 130, 131: Ar = Ph, R = tBu, X = Cl, Y = NMe2 and rearrangement 
products 116: R’ = H and 122: R’ = NMe2. (Dip = 2,6- iPr2C6H3) 
While several attempts to reduce (E)-N-(dihaloboryl)-N,N'-bis(2,6-
diisopropylphenyl)-benzimidamides 104a,b did not afford the targeted amidinate 
stabilized borylene, the reaction of 104a with two equivalents of iPr2Me2NHC 
yielded another benzazaborole, 136 (Scheme 53). Reactions of the synthesized 
boryl amidinates with anionic nucleophiles lead to dearomatization of the phenyl 
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ring only in case of the open-chained 130. The thus isolated diazaboretidine 
145 was fully characterized and further derivatives 152-154 were detected NMR 
spectroscopically (Scheme 53).  
 
Scheme 53. Reported reactivity of boryl benzamidinate 104a towards iPr2Me2NHC to yield 136 
and reported reactivity of boryl benzamidinate 130 towards metalorganic reagents to yield 
isolated 145: R = iPr and observed 152: R = nbutyl, 153: N(SiMe3)2 and 154: R = Si(Tip)=SiTip2. 
(Dip = 2,6-diisopropylphenyl, Tip = 2,4,6-triisopropylphenyl) 
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3.6. Syntheses and spectroscopic studies of diboranes(4)  
The luminescence of three-coordinate arylmonoboranes has been thoroughly 
investigated leading to numerous applications[223-230], e.g. as anion sensors[231-
234], in bioimaging[235-239], or as OLED materials[16,17,162-170]. The boron center 
with its formally vacant pz-orbital mostly acts as -acceptor. In particular the 
BMes2-group is frequently applied due to its strong electron-accepting 
properties combined with relative inertness towards oxygen and moisture due to 
steric congestion.[171-189] Through introduction of appropriate donors, e.g. amino 
substituents,[240] mediated by a suitable -conjugated linking unit,[184,187,241-248] 
the HOMO-LUMO gap can be narrowed, in some cases down to energy values 
corresponding to transitions in the near-IR.[249-254] Even simple donor 
substituents such as 4-N,N-dimethylaniline lead to a red-shift of the longest 
wavelength absorption and emission bands.[171,178] In addition, the HOMO-
LUMO gap is further affected by increasing the inherent electron-deficiency at 
the boron center by incorporation of electron-withdrawing substituents.[243,255,256] 
Notably, diboranes(4) have rarely been investigated in this regard. 
The effect of donor-acceptor substitution (i.e. electron-rich and electron-poor 
substituents in the same molecular entity) to the boron centers of simple 1,2-
bis(dimethylamino)diboranes(4), modified cyclic 1,4-diaza-2,3-diborinane 
derivatives and donor-free 1,2-diduryldiboranes(4) was examined in this PhD 
thesis. 
 
3.6.1 Syntheses and spectroscopic studies of 1,2-bis(dimethylamino)-
diboranes(4) 
Diboranes(4) were discovered as early as 1925[19,90] making available a 
versatile and extremely useful class of reagents. In particular, the isolation of 
the remarkably stable tetrakis(dimethylamino)diborane(4) (already observed by 
Urry et al. in 1954[91]) by Brotherton and co-workers in 1960[92] opened up a 
wide range of synthetic possibilities. For example, the treatment of 
tetrakis(dimethylamino)diborane(4) with HCl[93] or BX3 (X = Cl, Br)[94,95] yields 
the mixed 1,2-bis(dimethylamino)-1,2-dihalo-diboranes(4), which can 
subsequently be converted to various 1,2-diorganyl-1,2-
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bis(dimethylamino)diboranes(4) by reaction with aryl and/or alkyl lithium 
compounds.[19,95,105,108,110,111] Transformation of the amino into chloro 
groups[98,104] and subsequent treatment with two further equivalents of 
organolithium reagents provides access to donor-free tetraaryldiboranes(4) (see 
Section 1.4).[120,122-124] 
Based on literature-reported procedures for analogous substitution reactions the 
introduction of one 4-(dimethylamino)phenyl substituent to 
1,2-dichloro-1,2-bis(dimethylamino)-diborane(4) 54a was envisaged.[93-95,257] 
4-(Dimethylamino)phenyllithium (155) was prepared from 
4-bromo-N,N-dimethylaniline and nBuLi in diethylether at low temperatures 
according to a modified literature procedure[258] and isolated by filtration from 
hexane and washing with hexane prior to use. Reaction of dichlorodiborane(4) 
54a with an ethereal solution of the phenyllithium derivative 155 at −78°C 
afforded primarily diborane(4) 156 (Scheme 54) as indicated by the 1H NMR 
spectrum (Figure 38). Subsequently 156 was isolated as bright yellow crystals 
in acceptable yield (46%). The 11B NMR spectrum of purified 156 shows one 
broad signal at 43.9 ppm within the expected range for 
1,2-bis(dimethylamino)diboranes(4).[19] Considering the symmetry of the 
anticipated product[95,257], two signals would be expected for 156, which are 
probably too close in chemical shift to be resolved. The presence of five 1H 
NMR signals between 2.88 and 2.77 ppm in the dimethylamino region with 
relative intensities corresponding to 18H atoms altogether, however, 
unambiguously proves that only monosubstitution has occurred. The signal at 
2.87 ppm is of double the intensity than the four others suggesting chemically 
equivalent methyl groups and thus free rotation of one of the amino groups. 
This signal is assigned to the phenylogous NMe2 group as its -donation is 
expected to be weaker than in the cases of the directly boron-bonded NMe2 
groups. Diborane(4) 156 is sensitive to air and moisture in solution and the solid 
state. 
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Scheme 54. Synthesis of diborane(4) 156.[93-95,257,258] 
 
Figure 38. 1H NMR spectrum of the crude 156. 
Single crystals were grown from a concentrated hexane solution at 5°C and the 
molecular structure is shown in Figure 39. The B1-B2 bond length in 156 of 
1.702(2) Å is similar to those in Power’s N(Me2)MesBBN(Me2)Br (1.703 Å), 
(Me2)NMesBBN(Me2)Mes (1.717 Å) and (Me2)NPhBBN(Me2)Ph (1.714 Å).[95] 
The sum of angles around the B atoms (Σ∢ = 360°) indicates trigonal planar 
coordination environments, which are nearly orthogonal to one another (angle 
between B-coordination planes 89.2(2)°). The B-N bond lengths of 1.386(1) Å 
and 1.395(1) Å are in the typical range[95,108,110,111,257] and the planar NMe2 
groups demonstrate a significant degree of back-donation from the nitrogen 
lone pairs to the vacant p-orbitals at the boron centers and thus a certain B-N 
double bond character as usual for this class of compounds.[95,108,110,111,257] In 
contrast, the N-atom of the phenyl-bonded NMe2 group is slightly pyramidalized 
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(Σ∢ = 355.9°), presumably as a consequence of the comparatively weaker 
donor ability due to the phenylogous extension confirming the conclusions from 
the 1H NMR data. Moreover, the angle between the phenyl-ring plane normal 
and the B-B bonding axis amounts to 43.53° which shows significant deviation 
from the ideal 90°. The N3-C8 distance of 1.384(1) Å demonstrates as well that 
-donation of the phenyl-bonded NMe2 group is of smaller importance than in, 
for instance, p-Me2N(C6H4)BMes2 as characterized by Marder et al.[178] in which 
the phenylene-bonded NMe2 group as the strongest donor in the molecule is 
coordinated in a trigonal planar fashion and the N-C distance is accordingly 
shorter (1.368 Å). 
 
Figure 39. Molecular structure of 156 in the solid state (ellipsoids at 50% probability, hydrogen 
atoms and chlorine disorder omitted for clarity). Selected bond lengths [Å] and angles [°]: B1-B2 
1.702(2), B1-N1 1.395(1), B2-N2 1.386(1), B1-C5 1.577(1), B2-Cl1 1.829(1), C8-N3 1.384(1), 
Σ  B1 360.0, Σ  B2 360.0, Σ  N1 360.0, Σ  N2 360.0, Σ   N3 355.9, angle between B 
coord. Planes 89.2(2). 
UV/Vis spectroscopic studies of a solution of diborane(4) 156 (c = 0.7 to 1 mM) 
in hexane shows one absorption band maximum at 282 nm with an extinction 
coefficient of  = 13200 M−1 cm−1. The absorption spectrum at c = 5 µM in 
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preparation for fluorescence measurements (Figure 40), however, showed two 
maxima, one at 284 nm similar to the one before and one at 320 nm. 
Fluorescence was detected only upon excitation of the second band, (Figure 
40) with a maximum at 359 nm and a quantum yield of >95% (determined by 
Ulbricht sphere). 
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Figure 40. Absorption (blue), excitation (red) and emission (black) spectra of 1,2-
bis(dimethylamino) diborane(4) 156 in hexane (5 µM). 
Investigation of the influence of air on the absorption spectrum revealed that the 
band at 320 nm represents an unknown intermediate on the way to an equally 
unknown hydrolysis product mixture. Figure 41 shows the changes in the UV 
spectrum of a 5 µM hexane solution in a 10 mm cuvette at first under argon 
(violet), then exposed to air in a timespan up to 130 minutes (orange). Starting 
with an absorption band at 286 nm, an intermediate species is detected with an 
absorption band maximum at 324 nm. This intermediate then is converted to 
another species with an absorption band maximum at 280 nm, which fits 
perfectly to the absorption band found for a deliberately hydrolyzed sample of 
156 (red).  
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Figure 41. UV/Vis spectra of a 5 µM solution of 156 in hexane under the influence of air (violett 
to orange) and one UV/Vis spectrum of a hydrolized sample of 156 (red) in hexane. 1: 
decreasing absorption band at 286 nm/ consummation of diborane(4) 66; 2: increasing 
absorption band at 324 nm/ accumulation of the intermediate species; 3: decreasing absorption 
band at 324 nm/ consummation of the intermediate species; 4: increasing absorption band at 
280 nm/ formation of the hydrolysis product. 
Hydrolysis of 156 was carried out in hexane with one equivalent of degassed 
water under argon atmosphere in the presence of triethylamine to capture the 
liberated HCl. The reaction mixture was stirred overnight. Subsequently all 
volatiles were removed and filtration from benzene was followed by drying in 
vacuo. Analysis of an NMR sample revealed a uniform product formation with 
11B NMR resonances at 48.8 ppm and 36.7 ppm in the typical range for amino-, 
or oxy-substituted diboranes and a minor side product with a signal at 0.7 ppm 
in the typical range for tetracoordinated boron species (Figure 42). Evaluation of 
the 1H NMR did not lead to an unambiguous structure determination. Typical 
doublets at 7.59 ppm and 6.79 ppm in the ratio 1:1 and an integration of 2H 
each strongly suggest the retention of the para-dimethylamino group in the 
product. Singlets at 2.94 ppm, 2.90 ppm, 2.78 ppm, 2.59 ppm and 2.02 ppm (br) 
with an integration of altogether 30H suggests the presence of five 
dimethylamino-groups per aniline-group. Since no product was isolated, the 
possibility exists, that some of those signals belong to the side product already 
observed in the 11B NMR spectrum. In conclusion, a structure proposal cannot 
be made at this point. 
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Figure 42. 11B NMR of a hydrolyzed sample of diborane(4) 156. 
 
Figure 43. 1H NMR of a hydrolyzed sample of diborane(4) 156. 
To gain inside into the decomposition modes of 156, cyclic voltametric 
measurements were performed with a platinum working electrode, a platinum 
counter electrode, a silver quasi-reference electrode, Bu4N+PF6− (c = 0.1 M) as 
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conductive salt and ferrocene (c = 0.3 mM) as external reference. Since 
oxidative decomposition of 156 was suspected, the cyclovoltammetric 
measurements focused on comparably high potentials. Dry dichloromethane 
was chosen as solvent because of its wide positive range. Figure 44 shows the 
cyclic voltammogram, which was recorded without ferrocene for clarity reasons. 
Presence of oxygen in the measuring solution can be excluded as the first 
reduction step of the oxygen reduction reaction (ORR) is reported at −0.79 V in 
dichloromethane and no reduction wave was observed in Figure 44.[259] For 156 
two oxidation steps are detected: one at 0.56 V and one at 1.43 V, whereby 
only the first seems to be quasi-reversible under the conditions of the 
measurement. Clearly, in both cases the electron transfer is followed by an 
irreversible homogeneous chemical reaction, probably due to the use of 
dichloromethane. Indeed, in thf the first oxidation step shows reversibility 
(Figure 45), but the second one is outside the measuring window. Since N,N-
dimethylanilie (DMA) is known to exhibit an oxidation wave at 0.76 V vs. SCE 
(standard calomel electrode) in acetonitrile[260] it is likely that the N,N-
dimethylaminophenyl moiety in 156 is oxidized in the voltametric process. It has 
even been shown by rapid scan cyclic voltammetry that this oxidation can be 
reversible, as observed for 156 (Figure 45), when the scan rate is faster than 
the dimerization reaction of DMA●+ to tetramethylbenzidine.[260,261] In contrast to 
the investigations in this thesis, reduction is mostly observed for aryl-/ 
pinacolato-diboranes(4). Yamashita reports on cyclic voltametric measurements 
in thf with one reduction step for the diboranes(4) o-tol2B-Bo-tol2 (−2.1 V vs. 
Cp2Fe/Cp2Fe+)[122] and pinB-BMes2 (−2.5 V vs. Cp2Fe/Cp2Fe+)[159]. Because of 
these far negative potentials and the fact that B2pin2 does not show a reduction 
potential within the measuring window of thf[159] it can be expected that the 
reduction potential of 156 lies outside of the applied measuring window.  
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Potential [V] vs Fc/Fc+  
Figure 44. Cyclic voltammogram of 156 in dichloromethane (c = 3 mM), with a platinum working 
electrode, a platinum counter electrode, a silver quasi reference electrode, scan rate at 
100 mV s−1 and Bu4N+PF6− (c = 0.1 M) as conductive salt. 

















Potential [V] vs Fc/Fc+
 
Figure 45. Cyclic voltammogram of 156 in thf (c = 3 mM), with a platinum working electrode, a 
platinum counter electrode, a silver quasi reference electrode, scan rate at 100 mV s−1 and 
Bu4N+PF6− (c = 0.1 M) as conductive salt. 
The symmetric 1,2-bis(dimethylamino)diborane(4) 157 was synthesized by 
reaction with an additional equivalent of 4-(dimethylamino)phenyllithium to 
previously isolated monosubstituted diborane(4) 156 in diethylether at low 
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temperatures. After warming to room temperature, the solvent was exchanged 
for toluene and subsequent heating of the mixture to 100°C for one hour 
completed the reaction. Symmetrically substituted diborane(4) 157 was 
predominantly obtained, as demonstrated by 1H NMR spectrum (Figure 46) and 
isolated as yellow crystals in moderate yields (32%) (Scheme 55). The 11B NMR 
spectrum of isolated 157 shows one broad signal at 49.4 ppm within the 
expected range for 1,2-bis(dimethylamino)-diboranes(4).[95,108,110,111,257] 
Conversely, attempts to prepare 157 selectively from 54a remained 
unsuccessful (vide infra). Diborane(4) 157 is sensitive to air and moisture in 
solution, but stable at least overnight in the solid state. 
 
Scheme 55. Synthesis of diborane(4) 157. 
 
Figure 46. 1H NMR spectrum of the crude product of 157. 
X-ray diffraction analysis allowed for the determination of the molecular 
structure of 157 in the solid state (Figure 47). The B-B bond length in 157 
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(1.716(3) Å) is similar to the one found for 156 and thus in line with literature 
reported 1,2-bis(dimethylamino) diboranes(4).[95] As found for 156, the B-planes 
are coordinated in a trigonal-planar fashion (Σ∢(B) ≈ 360°) and the B-
coordination planes are almost perpendicular (83.8(1)°). The B-N bond lengths 
of 1.399(3) Å and 1.405(3) Å are in the typical range[95,108,110,111,257] and the 
planar coordination environments of the NMe2 nitrogen atoms demonstrate the 
expected B-N double bond character.[95,108,110,111,257] The seeming trigonal-
planar coordination environment of one of the N atoms of the phenyl-bonded 
NMe2 groups (Σ∢N2 = 359.5°) is likely an artifact of the insufficient modelling of 
a positional disorder at N2. In any case, the nitrogen center of the other para-
dimethylamino group is pyramidalized to a certain extent (Σ∢N4 = 350.1°). 
Irrespective of the degree of pyramidalization at the nitrogen atoms, the N-
Cphenyl distances are of comparable size (1.384(3) Å, 1.400(3) Å) demonstrating 
that -donation of the para-NMe2 group is of smaller importance and thus 
comparable to the situation in 156 as discussed in the previous section. In 
addition, both angles between the phenyl ring-plane normal and the B-B 
bonding axis deviate considerably from the ideal 90° (36.34° (N2-Ph)/ 60.4° 
(N4-Ph)) underscoring the assumption of a rather weak -electron donation 
through the phenyl ring, if any. 
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Figure 47. Molecular structure of 157 in the solid state (ellipsoids at 50% probability, hydrogen 
atoms omitted for clarity). Selected bond lengths [Å] and angles [°]: B1-B2 1.716(3), B1-N1 
1.399(3), B2-N3 1.405(3), B1-C1 1.585(3), B2-C12 1.576(3), C4-N2 1.384(3), C15-N4 1.400(3), 
Σ  B1 359.9, Σ  B2 360.0, Σ  N1 359.9, Σ  N3 360.0, Σ   N2 359.5, Σ   N4 350.1, angle 
between B coord. planes 83.8(1). 
UV/Vis spectroscopy of a hexane solution of diborane(4) 157 (c = 0.6 to 
0.9 mM) shows one absorption band maximum at 281 nm with an extinction 
coefficient of  = 34900 M−1 cm−1. The absorption spectrum at c = 5 µM in 
preparation for fluorescence measurements (Figure 48), however, showed three 
maxima, one at 286 nm corresponding the one at higher concentrations, one at 
296 nm and one at 334 nm with lower intensity. Only after excitation of the last 
two fluorescence was detected (Figure 48) with maxima at 330 nm and 384 nm 
and quantum yields of <5% and 13% ± 5% (determined by Ulbricht sphere), 
respectively. 
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Figure 48. Absorption (blue), excitation (red) and emission (black) spectra of 1,2-
bis(dimethylamino) diborane(4) 157 in hexane (5 µM). 
Exposure to air and monitoring of the changes in the UV/Vis spectra were more 
ambiguous than in case of diborane(4) 156. Figure 49 shows the changes in the 
UV spectrum of a 5 µM hexane solution of 157 in a 10 mm cuvette at first under 
argon (violet), then exposed to air for a timespan of up to 180 minutes (red). In 
this case, the longest wavelength absorption at 334 nm seems to be 
intermediate in nature as well since its intensity first increases slightly, then 
decreases again in relation to the main absorption band. The absorption band 
at 296 nm (Figure 48) was not observed in this experiment. Both fluorescent 
species, however, do not emerge from the band at 281 nm observed in the 
absorption spectrum at higher concentration and therefore it is assumed that in 
analogy to 156, the fluorescence results from species formed through 
contamination with air and/or moisture. 
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Figure 49. UV/Vis spectra of a 5 µM solution of 157 in hexane exposed to air (violett to red). 1: 
increasing absorption band at 334 nm/ accumulation of the intermediate species; 2: decreasing 
absorption band at 334 nm/ consummation of the intermediate species; 3: increasing absorption 
band at 277 nm/ formation of suspected hydrolysis product. 
Cyclic voltammetry was performed with a platinum working electrode, a 
platinum counter electrode, a silver quasi-reference electrode, Bu4N+PF6− 
(c = 0.1 M) as conductive salt and ferrocene (c = 0.3 mM) as external 
reference.to gather more information about the decomposition modes of 
diborane(4) 157. Since oxidative decomposition of 157 was suspected, the 
cyclovoltammetric measurements focused on comparably high potentials. 
Because of its wide positive range dry dichloromethane was chosen as solvent, 
although the stability of any oxidized or reduced species would probably have 
benefitted from the donor-stabilization by thf. Figure 50 shows the cyclic 
voltammogram, which was recorded without ferrocene for clarity reasons. Two 
irreversible oxidation steps at 0.37 V and at 0.58 V are detected for 157. Both 
electron transfers are followed by a chemical reaction and the resulting species 
are partially reduced again (also irreversibly). By narrowing the scan window 
from −2.5 V to 1.5 V (Figure 50) to −2.5 V to 0.5 V a voltammogram with only 
one oxidation step at 0.37 V and one reduction step at −1.21 V (Figure 51) is 
recorded. With a scan window of −2.5 V to −0.6 V neither oxidation nor 
reduction is detected (Figure 51). This leads to the conclusion that the reduction 
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step at 0.08 V results from the species produced by the oxidation at 0.58 V and 
the reduction step at −1.21 V results from the species produced by the oxidation 
at 0.37 V. As discussed previously, diboranes(4) are rather known for their 
reducibility[122,159], so that only the N,N-dimethylaminophenyl groups in analogy 
to 156 are suspected to be oxidized[260,261] here, as well. However, a cyclic 
voltammogram in chemical less reactive solvents as thf or acetonitrile would 
provide more information about the electrochemical behavior of 157. 















Potential [V] vs Fc/Fc+  
Figure 50. Cyclic voltammogram of 157 in dichloromethane (c = 3 mM), with a platinum working 
electrode, a platinum counter electrode, a silver quasi reference electrode, scan rate at 
100 mV s−1 and Bu4N+PF6− (c = 0.1 M) as conductive salt. 















Potential [V] vs Fc/Fc+  
















Potential [V] vs Fc/Fc+
 
Figure 51. Cyclic voltammograms of 157 in dichloromethane (c = 3 mM), with a platinum 
working electrode, a platinum counter electrode, a silver quasi reference electrode, scan rate at 
100 mV s−1 and Bu4N+PF6− (c = 0.1 M) as conductive salt. 
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In an attempt to synthesize 157 directly without intermittent isolation of 
monosubstituted 156, 2.3 equivalents of 4-(dimethylamino)phenyllithium 
dissolved in diethylether were added dropwise to the precooled (−78°C) solution 
of 1,2-dichlorodiborane(4) 54a solution. After warming to room temperature 
solvents and volatile components were distilled off in vacuum. Filtration from 
hexane gave a yellow solution from which yellow crystals of 1,1-diaryl-2,2-
bis(dimethylamino)diborane(4) 158 were obtained at 5°C (Scheme 56). The 11B 
NMR spectrum of the dissolved crystals shows one broad signal at 79.0 ppm in 
the range for aryl-substituted diboranes(4)[120,122-124] and one broad signal at 
38.4 ppm within the expected range for dimethylamino-substituted 
diboranes(4).[95,108,110,111,257] NMR spectroscopic analysis of the mother liquor 
showed only the 1,2-isomer 157 remaining in solution, indicating that the 1,1-
isomer 158 is only a side product and crystallized from the solution 
quantitatively. Such substituent rearrangements of diboranes(4) were already 
reported several times (see Section 1.4).[125-132,262]  
 
Scheme 56. Reaction of 1,2-dichloro diborane(4) 54a with an excess of 4-dimethylaminophenyl 
lithium (155) to the 1,1-isomer 158 and the 1,2-isomer 157. 
The molecular structure of 158 is shown in Figure 52. The B-B bond length 
(1.722(2) Å) is similar to the one in the 1,2-isomer 157 (1.716(3) Å). The sum of 
angles around both B atoms (Σ∢ = 360°) indicates trigonal planar coordination 
environments. The angle between B-coordination planes (78.7(1)°) is a bit 
smaller than in the 1,2-isomer 157. The B-N bond lengths of 1.433(2) Å and 
1.423(2) Å are elongated compared to 157. As both amino groups are bonded 
to the same boron atom less -electron donation from each of them is needed. 
The planar coordination environments of the NMe2 nitrogen atoms demonstrate 
nonetheless a significant B-N double bond character as usual for this class of 
compounds.[95,108,110,111,257] Like in 157 one of the N atoms of the phenyl-bonded 
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NMe2 groups is coordinated in a trigonal planar fashion (Σ∢N2 = 359.7°), the 
other one is pyramidalized to a certain extent (Σ∢N1 = 353.1°). The N-Cpara 
distance at the pyramidalized nitrogen N1 (1.381(2) Å) is in the same range as 
the ones in 157, but the bond length between the trigonal planar coordinated 
nitrogen N2 and the phenyl-carbon (1.372(2) Å) is slightly shorter and 
consequently closer to the one in p-Me2N(C6H4)BMes2 as characterized by 
Marder et al.[178]. Nonetheless, the angle between the normal of the phenyl-ring-
plane bonded to the pyramidalized nitrogen (N1) and the B-B binding axis is 
unexpectedly closer to 90°, namely 83.43°, than the other one (69.55°), leading 
to the conclusion that N2 may increase electron density in the phenyl ring, but 
all in all the interaction with the boron center B1 is in both cases negligible.  
Unfortunately, problems with the reproducibility of the isolation of this side 
product prevented further characterization of 158. 
 
Figure 52. Molecular structure of 158 in the solid state (ellipsoids at 50% probability, hydrogen 
atoms omitted for clarity). Selected bond lengths [Å] and angles [°]: B1-B2 1.722(2), B1-C1 
1.560(2), B1-C9 1.559(2), B2-N3 1.433(2), B2-N4 1.423(2), C4-N1 1.381(2), C12-N2 1.372(2), 
Σ  B1 359.85, Σ  B2 360.0, Σ  N1 353.14, Σ   N2 359.71, Σ  N3 359.33, Σ   N4 359.7, 
angle between B coord. Planes 78.7(1). 
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The next goal was to introduce an electron-withdrawing substituent. Thus, the 
pentafluorophenyl group was incorporated by the reaction of 156 in diethylether 
at low temperatures with previously generated pentaflourophenyllithium.[263] 
Addition of a precooled solution of 156 in diethylether at −90°C is crucial for the 
stability of the anion. After warming to room temperature multinuclear NMR 
spectroscopy indicated quantitative formation of 156 (Scheme 57). Subsequent 
standard workup afforded diborane(4) 161 as colorless crystals in acceptable 
yield (52%). The 11B NMR spectrum of 161 shows one broad signal at 45.8 ppm 
in the expected range for 1,2-bis(dimethylamino)diboranes(4).[95,108,110,111,257] 
Diborane(4) 161 is sensitive to air and moisture in solution, but stable overnight 
in the solid state. 
 
Scheme 57. Synthesis of unsymmetrically substituted diborane(4) 161. 
Single crystals could be grown from a concentrated o-difluorobenzene solution 
at −26°C and the molecular structure is shown in Figure 53. The B-B bond 
length in 161 (1.713(1) Å) is similar to those found in other diboranes(4) 
reported in this PhD thesis and therefore in the typical range.[95] The sum of 
angles around the B atoms (Σ∢ = 360°) indicates trigonal-planar coordination 
environments, which are nearly orthogonal to each other (angle between B- 
coordination planes 85.58(7)°). The B-N bond lengths of 1.399(1) Å and 
1.387(1) Å are also in the typical range[95,108,110,111,257] and the planar 
coordination environments of the NMe2 nitrogen atoms demonstrate the 
significant B-N double bond character, as usual for this class of 
compounds.[95,108,110,111,257] In contrast, the N atom of the phenyl-bonded NMe2 
group is slightly pyramidalized (Σ∢ = 353.6°). Additionally, the N3-C4 distance 
of 1.389(1) Å demonstrates that -donation of the phenyl-bonded NMe2 group 
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is, as in the similar structural motifs above, of smaller importance. This is 
supported by an angle between the phenyl-ring-plane normal and B-B bonding 
axis of 56.92°. 
 
Figure 53. Molecular structure of 161 in the solid state (ellipsoids at 50% probability, hydrogen 
atoms and co-crystallized o-difluoro-benzene omitted for clarity). Selected bond lengths [Å] and 
angles [°]: B1-B2 1.713(1), B1-N1 1.399(1), B1-C1 1.572(1), B2-N2 1.387(1), B2-C11 1.602(1), 
C4-N3 1.389(1), Σ  B1 360.0, Σ  B2 360.0, Σ  N1 360.0, Σ   N2 360.0, Σ  N3 353.6, 
angle between B coord. Planes 85.58(7). 
In the UV-vis spectrum of 161 in diethylether (c = 0.4-1 mM), an absorption 
band at 287 nm was detected with an extinction coefficient  of 17300 M−1 cm−1. 
Remarkably, 161 turned out to be the only 1,2-bis(dimethyamino)diborane(4) 
studied in this work which showed fluorescence in hexane solution with 5‰ 
diethylether (c = 5µM, em,max = 335 nm, exc,max = 290 nm, Figure 54), albeit 
with a poor quantum yield of below 5%. Fluorescence measurements were 
carried out in hexane with 5‰ diethylether, because of the low solubility of 161 
in hexane, meaning that 161 was dissolved in diethylether to give a 
concentration of 1 mM and then the solution was diluted with hexane down to 
5 µM. 
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Figure 54. Absorption (blue), excitation (red) and emission (black) spectra of 1,2-bis(dimethyl-
amino) diborane(4) 161 in hexane/ diethylether(5‰). 
The pentafluorophenyl substituent has -electron withdrawing, but -electron 
donating properties. The question arose whether a - and -withdrawing 
substituent could be attached as well in order to realize a 1,2--donor/acceptor 
substitution pattern in a 1,2-bis(dimethylamino)diborane(4). The reactivity of 
diborane(4) 156 towards 4-cyanophenyllithium and 4-nitrophenyllithium was 
thus investigated. The lithiumorganic reagents were generated and 
subsequently treated with the substrate in the cold due to their thermal 
instability.[264,265] The addition of a precooled diborane(4) 156 solution to the 
cooled anion solution is followed by stirring in the cooling bath for 30 minutes 
and warming up to room temperature. All solvents and volatiles were removed 
and an NMR sample was analyzed. In both cases the 11B NMR spectra 
(Figure 55/ Figure 56) suggest the formation of the targeted diboranes(4) 162/ 
163 (Scheme 58) with a broad signal at 36.4 ppm for the 4-
dimethylaminophenyl substituted boron in both spectra and one slightly 
downfield shifted broad signal at 47.6 ppm for the 4-cyanophenyl-substituted 
boron center of 162 (Figure 55) and at 48.6 ppm for the 4-nitrophenyl-
substituted boron of 163. Additionally, an unidentified, tetracoordinated species 
with a signal at 1.6 ppm could be observed in the 11B NMR spectrum of the 
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reaction with 4-nitrophenyllithium (Figure 56). Unfortunately, attempts to isolate 
either 162 or 163 remained unsuccessful.  
 
Scheme 58. Synthesis of acceptor substituted diboranes(4) 162 (R = CN) and 163 (R = NO2). 
 
Figure 55. 11B NMR spectrum of the crude product of p-benzonitrile substituted diborane(4) 
162. 
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Figure 56. 11B NMR spectrum of the crude product of p-nitrophenyl substituted diborane(4) 163. 
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3.6.2 Syntheses and spectroscopic studies of 1,4-diaza-2,3-diborinanes 
Cyclic 1,4-diaza-2,3- diborinanes have been scarcely reported because their 
1,1-isomers with 1,3,2-diazaborole moieties are thermodynamically favored.[133] 
The group of Nöth were the first to selectively synthesize a cyclic 1,4-diaza-2,3-
diborinane.[133] Further cyclic 1,4-diaza-2,3-diborinane species were 
synthesized by Şahin and the Braunschweig group.[134,135,137,138] Norman and 
Russel isolated both possible isomers 91a and 92a from the reaction between 
o-phenylenediamine and tetrakis(dimethylamino)diborane(4) via transamination 
(Figure 57).[139] For a more extensive literature review see Section 1.4. With R = 
Me (93, 164, Figure 57) at the nitrogen atoms, Norman and Russel found both 
isomers to be fluorescent.[136] While diazaboroles are known to be 
fluorescent,[266-271] 1,4-diaza-2,3-diborinane derivatives have not been intensely 
investigated in this regard. Based on the observation of fluorescence for the 
diazadiborinane 93, in this work one o-diaminophenyl ligand was attached to 
the diborane(4) moiety to functionalize the luminescent skeleton at the boron 
centers comparable to above discussed 1,2-bis(dimethylamino)diboranes(4). 
The low concentrations needed for fluorescence measurements are prone to 
decomposition even at small amounts of air contamination. In addition, Norman 
and Russel demonstrated with the isolation of the corresponding radical 
structure of 93 the tendency of these structural motifs to be oxidized.[140] 
Consequently, the behavior in UV/Vis experiments after exposition to air was 
studied for selected diazadiborinanes. 
 
Figure 57. Literature known cyclic diazadiboron compounds by Norman and Russell.[139] 91a: R 
= H; 93: R = Me; 92a: R = H; 164: R = Me 
In the first step the o-diaminophenyl ligand needed to be introduced. When 
applying the established literature procedure[133-135,137,138] by adding the dianion 
thf-solution dropwise to the precooled (−78°C) ethereal solution of the 
diborane(4), the formation of the 1,1-diazaborole-isomer 164[136] was observed 
NMR spectroscopically in considerable amounts (164:166 = 35:65 determined 
3. Results and Discussion 
104 
by 1H NMR, Scheme 59). Finally, diborinane 166 was prepared selectively by 
dissolution of dianion 165 in thf, cooling to −78°C and dropwise addition of the 
solution of diborane(4) 54a in diethylether (Scheme 59), but isolation of 166 
could only be achieved in 43% yield. The 11B NMR spectrum of 166 shows one 
signal at 33.7 ppm in the expected range for these cyclic 1,4-diaza-2,3-
diborinanes.[140] In solution as well as in the solid state and in the ambient 
atmosphere, compound 166 undergoes rapid and unselective oxidation. Under 
argon, no decomposition is observed upon prolonged heating above the melting 
point (mp. 135-138°C). 
 
Scheme 59. Synthesis of diazadiborinane 166.[136] 
Single crystals were obtained from a concentrated hexane solution at 5°C. The 
solid-state structure is shown in Figure 58. The B-B bond length (1.687(2) Å) is 
slightly shorter than in the 1,2-bis(dimethylamino)diboranes(4) above (Section 
3.6.1), in accordance with the bond lengths observed in the 1,4-diaza-2,3-
diborinine prepared by Braunschweig (1.673 Å)[138]. Monocycles with a 
saturated endocyclic C-C unit reported by Braunschweig (1.699 Å)[138] and 
Şahin (1.710 Å - 1.725 Å)[134] have slightly longer B-B bonds, whereas the B-B 
bond in the bicyclic 1,4-diaza-2,3-diborinane reported by Norman and Russell 
(93: 1.650 Å)[140] is shorter. The sums of angles around the boron and 
endocyclic nitrogen atoms in the cyclic 1,4-diaza-2,3-diborinane 166 confirm 
trigonal planar coordination geometries (∢ ≈ 360°). The largest deviation from 
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the best plane through the atoms of the 1,4-diaza-2,3-diborinane heterocycle 
with 0.262(1) Å is observed for B1. Şahin explained the deviation from planarity 
in analogous compounds by steric interactions between the substituents.[134,137] 
In addition, the strong -donor properties of the exocyclic NMe2 group might 
suppress the formation of endocyclic B-N -bonds, an assumption that finds 
support in the comparison of the B-N bond lengths. The exocyclic B-NMe2 
bonds in 166 (1.411(2) Å, 1.414(2) Å), though slightly elongated compared to 
the B-NMe2 bond lengths in the 1,2-bis(dimethylamino)diboranes(4) in Section 
3.6.1, show close to planar arrangement of the according B- and N-coordination 
planes (13.1(1)°, 19.9(1)°), indicating a pronounced B-N double bond character. 
The endocyclic B-N bond lengths (B1-N3 1.458(2) Å, B2-N4 1.453(2) Å) are 
longer than the exocyclic ones suggesting weaker -electron contribution in the 
latter case. 
 
Figure 58. Molecular structure of 166 in the solid state (ellipsoids at 50% probability, hydrogen 
atoms omitted for clarity). Selected bond lengths [Å] and angles [°]: B1-B2 1.687(2), B1-N1 
1.411(2), B1-N3 1.458(2), B2-N2 1.414(2), B2-N4 1.453(2), Σ  B1 359.8, Σ  B2 359.6, 
Σ  N1 360.0, Σ  N2 360.0, largest deviation from the best plane through the atoms of the 1,4-
diaza-2,3-diborinane heterocycle for B1: 0.262(1) Å. 
UV/Vis spectroscopy of a solution of diborinane 166 in in hexane (c = 0.6-
0.9 mM) showed multiple absorption band maxima at 314 nm 
( = 11800 M−1 cm−1), 308 nm ( = 12100 M−1 cm−1), 272 nm 
( = 9840 M−1 cm−1) and 234 nm ( = 34900 M−1 cm−1). The absorption spectrum 
at c = 5 µM in preparation for fluorescence measurements (Figure 59) is in 
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accordance with that obtained at higher concentrations. Upon excitation of the 
longest wavelength absorption band (max = 297 nm/ 303 nm), fluorescence was 
detected (Figure 59) with a maximum at 325 nm and a quantum yield of 
55 ± 5% (determined by Ulbricht sphere). Compared to Norman and Russell`s 
bicyclic 1,4-diaza-2,3-diborinane isomer 93[136] (Figure 60) emission of cyclic 
1,4-diaza-2,3-diborinane 166 is hypsochromically shifted, probably due to the 
absence of one half of the fused cyclic system. 























 emission exc = 290 nm
 excitation em = 340 nm
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Figure 59. Absorption (blue), excitation (red) and emission (black) spectra of diazadiborinane 
166 in hexane. 
 
Figure 60. Structure and luminescent features of newly synthesized diborinane 166 in 
comparison to Norman and Russel’s extended fused system 93.[136] 
In a first attempt to functionalize the diazadiborinane rings, the same substituent 
was going to be attached to each boron center in order to minimize selectivity. 
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Therefore, both dimethylamino groups in 166 should be replaced by two 
chlorine atoms to enhance the electrophilicity of the boron centers. In the case 
of 166, cleaving off the o-phenylenediamine-ligand during the reaction is 
conceivable. Nonetheless, as the Braunschweig group demonstrated, the 
dimethylamino groups in diazadiborinanes can be exchanged by halogens.[138] 
Indeed, treatment of 166 in hexane at 0°C using 1 equivalent of BCl3 solution 
(1.1 M in hexane) yields the anticipated structure 168 quantitatively (Scheme 
60) after removal of all volatiles in vacuo. The 1H NMR spectrum only displays 
resonances of the o-phenylenediamine ligand and only one signal for N-bonded 
methyl groups in the expected integrated ratio. In line with the dichlorinated 1,4-
diaza-2,3-diborinane 168, only one signal in the 11B NMR spectrum is observed 
at 40.0 ppm. The chlorinated diborinane 168 was thus used without further 
purification: it reacts in a salt metathesis with two equivalents of 4-
dimethylaminophenyllithium at room temperature in benzene to give the bis(4-
dimethylaminophenyl)-substituted 169 selectively (Scheme 60), as indicated by 
1H NMR spectrum (Figure 61).  
 
Scheme 60. Synthesis of bis(aminophenyl) substituted diazadiborinane 169.[138] 
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Figure 61. 1H NMR spectrum of the crude product of 169. 
Diazadiborinane 169 was purified by crystallization from a mixture of toluene 
and hexane at room temperature and was isolated as yellow crystals only in 
mediocre yield (21%). 11B NMR spectrum of the crystalline 169 shows one 
broad signal (46.4 ppm) in the same range as the starting material 168. In 
solution and in the ambient atmosphere, diazadiborinane 169 undergoes rapid 
and unselective oxidation. In the solid state, it tolerates exposure to air and 
moisture overnight. Under argon, unselective decomposition is observed upon 
prolonged heating above the melting point (mp. 180-182°C). 
Single crystal x-ray determination afforded the molecular structure of 169, which 
is shown in Figure 62. The B-B-bond length and the sum of angles around the 
boron and endocyclic nitrogen atoms compare well to those in 166. The largest 
deviation from the best plane through the atoms of the 1,4-diaza-2,3-diborinane 
heterocycle with 0.055(2) Å is observed for N1. Compared to 166 the endocyclic 
B-N bond lengths in 169 (1.428(3) Å, 1.416(3) Å) are shorter, due to increased 
endocyclic B-N--bond interaction. The coordination environment of the 
aminophenyl nitrogen atoms is trigonal planar (∢ ≈ 360°). This circumstance 
provides a hint at −donor contribution of the para-dimethylaminophenyl group 
in 169. The N-Cphenyl bond lengths, however, are in the same range as those in 
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1,2-bis(dimethylamino)diboranes(4) (Section 3.6.1) and the angles between the 
para-dimethylaminophenyl ring-plane normals and the B-B bonding axis deviate 
from ideal 90° (44.0°/ 60.0°), so that donor effects of the para-NMe2-phenyl 
group are probably weak in this case as well. 
 
Figure 62. Molecular structure of 169 in the solid state (ellipsoids at 50% probability, hydrogen 
atoms and second molecule in the asymmetric unit omitted for clarity). Selected bond lengths 
[Å] and angles [°]: B1-B2 1.687(4), B1-N1 1.428(3), B1-C9 1.571(3), B2-N2 1.416(3), B2-C17 
1.572(4), N3-C12 1.377(3), N4-C20 1.383(3), Σ  B1 359.9, Σ  B2 360.0, Σ  N1 360.0, 
Σ  N2 359.9, Σ  N3 360.0, Σ  N4 359.8, largest deviation from the best plane through the 
atoms of the 1,4-diaza-2,3-diborinane heterocycle for N1: 0.055(2) Å. 
UV/Vis spectroscopic studies of the diborinane 169 in diethylether solution (c = 
0.4 to 1 mM) shows multiple absorption band maxima at 342 nm 
( = 35500 M−1 cm−1), 261 nm ( = 34700 M−1 cm−1) and 232 nm 
( = 27300 M−1 cm−1), which correlates with the absorption spectrum at c = 5 µM 
(in hexane with 5‰ diethylether) in preparation for fluorescence measurements 
(Figure 63). Additionally, the longest wavelength absorption band perfectly fits 
the excitation band (max = 341 nm). The emission band is split into two maxima 
at em,max = 473 nm and em,max = 511 nm presumably due to vibronic coupling 
(Figure 63). The quantum yield was determined to 17 ± 5% in an Ulbricht 
sphere. The presence of two aminophenyl substituents results in a 
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bathochromic shift compared to Norman and Russell’s cyclic 1,4-diaza-2,3-
diborinane isomer.[136] 
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Figure 63. Absorption (blue), excitation (red) and emission (black) spectra of diazadiborinane 
169 in hexane/ diethylether (5‰). 
Additional excitation that is hypsochromically shifted compared to the longest 
wavelength absorption was observed for 169 during routine measurements 
(Figure 64). A sample was tested for air sensitivity at low concentration in 
diglyme to avoid evaporation of the solvent while the cuvette was kept open. 
Figure 65 shows the time resolved change of the absorption spectrum of 169 
under argon (violet) up until exposition to air overnight (red). The excitation 
spectrum of the decomposed sample (black, Figure 65) fits perfectly to the band 
at 304 nm emerging upon exposition to air. The use of diglyme instead of 
hexane resulted in a slight bathochromic shift of the spectra (Figure 66). 
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Figure 64. Absorption (blue), excitation (red) and emission (black) spectra of the unknown 
decomposition species in a solution of 169 in hexane/ diethylether(5‰). 
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Figure 65. UV/Vis spectra of a 5 µM solution of 169 in diglyme under the influence of air (violett 
to red) and excitation band of a desomposed sample (black) in diglyme. 
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Figure 66. Excitation spectra (left) and emission spectra (right) of the decomposed species in 
the solution of 169 in hexane/ diethylether (5‰) (black) and in diglyme after exposition to air 
overnight (red). 
To test whether the pentafluorophenyl group could be attached to the 
diazadiborinane skeleton, an analogous procedure as described for the 
introduction of two aminophenyl substituents was followed. In a salt metathesis 
with two equivalents of the previously generated anion 160 and the dichloro-
diazadiborinane 168 the bis(pentafluorophenyl)-substituted diborinane 170 was 
synthesized quantitatively (indicated by multinuclear NMR spectra of the crude 
product) and isolated as colorless crystals in mediocre yield by crystallization 
from toluene (26%) (Scheme 61). The 11B NMR spectrum shows one broad 
signal (42.2 ppm) in the same range as cyclic 1,4-diaza-2,3-diborinanes 168 
and 169. 
 
Scheme 61. Synthesis of bis(pentafluorophenyl)-substituted diazadiborinane 170. 
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Single crystals were obtained from a toluene solution at room temperature. The 
molecular structure (Figure 67) shows the same features as 166 and 169 
regarding the B-B-bond length and sum of angles around the boron and 
endocyclic nitrogen atoms. The largest deviation from the best plane through 
the atoms of the 1,4-diaza-2,3-diborinane heterocycle with 0.026(1) Å is 
observed for C1. The rather small deviation from planarity hints at pronounced 
endocyclic B-N-double bond character. Indeed, the endocyclic B-N bond 
lengths in 170 (1.396(2) Å, 1.401(2) Å) are even shorter than in 169, due the 
increased endocyclic B-N--bond interaction. Expectedly, the pentafluorophenyl 
substituent is a far less efficient -donor than from the p-dimethylaminophenyl 
substituent.  
 
Figure 67. Molecular Structure of 170 in the solid state (ellipsoids at 50% probability, hydrogen 
atoms and cocrystallized toluene omitted for clarity). Selected bond lengths [Å] and angles [°]: 
B1-B2 1.663(2), B1-N2 1.396(2), B1-C9 1.590(2), B2-N1 1.401(2), B2-C14 1.587(2), Σ  B1 
360.0, Σ  B2 360.0, Σ  N1 360.0, Σ  N2 360.0, largest deviation from the best plane through 
the atoms of the 1,4-diaza-2,3-diborinane heterocycle for C1: 0.026(1) Å. 
In terms of photophysical properties, only the absorption spectra were 
examined for 170, because no emission of light was observed when exposing 
170 towards UV light (365 nm or 254 nm, respectively). The diborinane solution 
in diethylether (c = 0.3-1 mM) shows multiple absorption bands at 317 nm 
( = 18300 M−1 cm−1), 254 nm ( = 13800 M−1 cm−1) and 231 nm 
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( = 25000 M−1 cm−1). The two absorption bands at longer wavelengths are 
hypsochromically shifted compared to 169, which indicates less delocalization 
of electrons in the case of 170. 
Next, unsymmetrically substituted diborinanes were targeted. As a first step, in 
analogy to the synthesis of 168, one of the two dimethylamino groups in 166 
should be exchanged by one chlorine atom. Apart from the already discussed 
potential problem of cleaving off the o-phenylene diamine ligand during the 
reaction, it is also not self-evident that selective exchange of one dimethylamino 
group by a chlorine is achievable. Notwithstanding, the anticipated diborinane 
171 in hexane at 0°C is selectively formed upon treatment of 166 with 0.5 
equivalents of BCl3 solution (1.1 M in hexane, Scheme 62). The chlorinated 
diborane 171 was dissolved in hexane and dried in vacuo twice to completely 
remove residual bis(dimethylamine)chloroborane (167) resulting in 
spectroscopically pure product. The 11B NMR spectrum of 171 shows only two 
signals at 40.2 ppm and 31.8 ppm, which was therefore used without further 
purification. The subsequent reaction with 4-(dimethylamino)phenyllithium 
affords 172 as main product as indicated by 1H (Figure 68) and 11B NMR 
spectroscopy. It was isolated as yellow crystals in moderate yields by 
crystallization from hexane (31%) (Scheme 62). The 11B NMR spectrum of the 
isolated diborinane 172 shows two signals in a 1:1 ratio at 47.2 ppm and 
34.0 ppm, similar to those of 171. The product is sensitive to air and moisture in 
the solid state and in solution. 
 
Scheme 62. Synthesis of unsymmetrically substituted diazadiborinane 172. 
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Figure 68. 1H NMR spectrum of the crude product of diborinane 172. (172 is marked with “#”) 
Single crystals were obtained from a concentrated hexane solution at 5°C. The 
solid-state structure (Figure 69) reveals similar structural parameters for the B-B 
bond length and sum of angles around the boron and endocyclic nitrogen atoms 
as in diborinanes 166, 169, 170 described in previous sections. The largest 
deviation from the best plane through the atoms of the 1,4-diaza-2,3-diborinane 
heterocycle with 0.132(1) Å is observed for B2. The deviation from planarity lies 
between the one of 166 and 169, demonstrating a correlation between the 
number of directly boron attached NMe2 groups and the planarity of the 
CNBBNC-ring. Şahin had explained the deviation from planarity in analogous 
compounds by steric interactions between the substituents.[137] As discussed 
before, the strong -donor properties of the exocyclic NMe2 group might 
suppress the formation of endocyclic B-N  bonds. The B2-N2 bond length 
(1.449(3) Å) is marginally longer than the other endocyclic B1-N1 bond 
(1.423(3) Å), substantiating this hypothesis. The para-dimethylamino nitrogen 
atom of 172 shows pyramidalized coordination with ∢ = 348.2° and a longer 
N4-C12 bond length (1.412(2) Å) than those in 169, but in the same range as in 
the 1,2-bis(dimethylamino)diboranes(4) (see Section 3.6.1), so that donor 
effects of the para-NMe2 group are most likely weak, which is also reflected in 
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the angle between the aminophenyl ring-plane normal and the B-B binding axis 
of 38.83°. 
 
Figure 69. Molecular Structure of 172 in the solid state (ellipsoids at 50% probability, hydrogen 
atoms omitted for clarity). Selected bond lengths [Å] and angles [°]: B1-B2 1.686(3), B1-N1 
1.423(3), B1-C9 1.584(3), B2-N2 1.449(3), B2-N3 1.421(3), N4-C12 1.412(2), Σ  B1 360.0, 
Σ  B2 359.9, Σ  N1 360.0, Σ  N2 360.0, Σ  N3 359.0, Σ  N4 348.2, largest deviation from 
the best plane through the atoms of the 1,4-diaza-2,3-diborinane heterocycle for B2: 0.132(1) Å. 
A solution of diborinane 172 in hexane (c = 0.4-0.7 mM) shows multiple 
absorption band maxima at 327 nm ( = 158100 M−1 cm−1), 315 nm 
( = 14840 M−1 cm−1), 243 nm ( = 24880 M−1 cm−1) and 216 nm 
( = 34980 M−1 cm−1). Identical absorption bands are observed at lower 
concentrations of 172 (c = 5 µM) in preparation for fluorescence measurements 
(Figure 70). In addition, the longest wavelength absorption band fits the 
excitation band (max = 313 nm) perfectly. Emission was detected with a 
maximum at 355 nm and a quantum yield of 48 ± 5% (determined by Ulbricht 
sphere). On the one hand the presence of only one aminophenyl substituent 
results in a hypsochromic shift compared to the doubly aminophenyl-substituted 
diborinane 169 and also compared to Norman and Russell`s bicyclic 1,4-diaza-
2,3-diborinane isomer[136] due to a smaller conjugated system, but on the other 
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hand a bathochromic shift in emission is observed when compared to starting 
diborinane 166, which is indicative of the expansion of the conjugated system. 






















 emission exc = 300 nm
 excitation em = 400 nm
 absorption
 
Figure 70. Absorption (blue), excitation (red) and emission (black) spectra of diazadiborinane 
172 in hexane. 
Since diborinane 172 exhibits fluorescence with acceptable quantum yield, 
other substituents were considered to induce a bathochromic shift of the 
excitation and emission bands. Following the procedure described above, the 
starting chloro diborinane 171 was synthesized through replacement of one 
dimethylamino group in 166 by a chloro substituent with 0.5 equivalents of BCl3 
solution (Scheme 63) Subsequent reaction with the appropriate aryllithium 
species (either isolated or generated just before use, Scheme 63) yielded the 
anticipated structures suggested by 11B NMR resonances and selected 1H NMR 
resonances (Table 3), which compare well to the one of diborinane 172. While 
11B NMR spectra confirm selective formation of the anticipated structures 173 to 
179, in the case of 173 (1H NMR and 11B NMR spectra displayed as 
representatives in Figure 71 and Figure 72) a minor unidentified side product 
was observed as well. The 1H NMR spectra (see Section 7.3), however, 
suggest that although the anticipated structures are formed as main products, a 
considerable number of sometimes apparently boron-free side products are 
formed as well. Isolation of the compounds was therefore not pursued.  
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Scheme 63. Reactivity of diazadiborinane 171 towards various aromatic lithium organyls. 
 
Figure 71. 1H NMR spectrum of YK181. Selected resonances of anticipated product 173 
marked and integrated. 
3. Results and Discussion 
119 
 
Figure 72. 11B NMR spectrum of YK181. Selected resonances of anticipated product 173 at 
46.5 and 31.8 ppm. 
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Table 3. 11B NMR resonances of reaction mixtures of unsymmetrically with various aryls 
substituted diazadiborinanes 173 to 179. 
Anticipated 
structure 
11B NMR resonances [ppm] 
Selected 1H NMR 
resonances [ppm] 
173 
46.5 (very br s), 40.5 (br, s, 
minor unidentified side product), 
31.8 (br, s) 
3.11, 3.05 (each s, each 3H, 
B-NCH3), 2.60 (s, 6H, Ar-
NCH3) 
174 48.7 (br s), 33.5 (br, s) 
3.02, 3.02 (each s, altogether 
6H, B-NCH3), 2.54 (s, 6H, Ar-
NCH3) 
175 48.6 (br s), 34.7 (br, s) 
3.07, 3.05 (each s, each 3H, 
B-NCH3), 2.58 (s, 6H, Ar-
NCH3) 
176 46.2 (br s), 33.5 (br, s) 
3.09, 2.96 (each s, each 3H, 
B-NCH3), 2.55 (s, 6H, Ar-
NCH3) 
177 45.6 (br s), 33.8 (br, s) 
3.12, 2.95 (each s, each 3H, 
B-NCH3), 2.58 (s, 6H, Ar-
NCH3) 
178 47.1 (br s), 33.0 (br, s) 
3.07, 2.90 (each s, each 3H, 
B-NCH3), 2.18 (s, 6H, Ar-
NCH3) 
179 46.9 (br s), 33.2 (br, s) 
3.10, 2.98 (each s, each 3H, 
B-NCH3), 2.33 (s, 6H, Ar-
NCH3) 
 
To be able to attach an additional organic substituent at the second boron 
center, the boron-bonded dimethylamino group of 172 was exchanged for a 
chloro substituent. Following the procedure established for the synthesis of 171, 
treatment of 172 with 0.5 equivalents of BCl3 solution (1.1 M in hexane) yielded 
180 as the main product as evident from 1H NMR spectroscopy (Scheme 64, 
Figure 73). Colorless crystals of 180 were isolated in moderate yield by 
crystallization from a mixture of toluene and hexane (42%). The 11B NMR 
spectrum of 180 shows a single broad signal at 43.2 ppm in the expected 
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range.[134,135,137,138] As in the case of 156, the expected two signals are probably 
too close in chemical shift to be resolved. In solution as well as in the solid state 
and in the ambient atmosphere, diborinane 180 undergoes rapid and 
unselective oxidation. Under argon, no decomposition is observed upon 
prolonged heating above the melting point (mp. 115-120°C). 
 
Scheme 64. Synthesis of unsymmetrically substituted chloro-diazadiborinane 180. 
 
Figure 73. 1H NMR of the crude product of 180 (only resonances of 180 are marked and 
integrated). 
Single crystals could be obtained from a mixture of toluene and hexane solution 
at room temperature. The molecular structure is shown in Figure 74. The B-B 
bond length (1.663(2) Å) is shorter than in the 1,2-bis(dimethylamino)diboranes 
(Section 3.6.1) and, in contrast to the other diborinane structures described 
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above, even slightly shorter than the bond lengths observed in the 1,4-diaza-
2,3-diborinines prepared by Braunschweig (1.673 Å)[135], most likely due to 
lowered steric interaction of the substituents. The sum of angles around the 
boron and endocyclic nitrogen atoms in cyclic 1,4-diaza-2,3-diborinane 180, in 
line with the other 1,4-diaza-2,3-diborinanes show trigonal planar coordination 
geometries (∢ ≈ 360°). The largest deviation from the best plane through the 
atoms of the 1,4-diaza-2,3-diborinane heterocycle with 0.034(1) Å is observed 
for N2. The deviation from planarity is quite small suggesting pronounced 
endocyclic B-N -bond interaction. Compared to 166 and 172 the endocyclic B-
N bond lengths in 180 (1.410(2) Å, 1.400(2) Å) are shorter, supporting 
increased endocyclic B-N--bond interaction. The coordination environment of 
the aminophenyl nitrogen atom in 180 is almost perfectly trigonal planar 
(∢ = 359.9°). This circumstance provides a hint at −donor contribution of the 
para-NMe2-phenyl group. The N-Cphenyl bond length of 180, however, is in the 
same range as those in 1,2-bis(dimethylamino)diboranes(4) (Section 3.6.1) and 
the angle between the aminophenyl ring-plane normal and the B-B binding axis 
amounts to 35.60°, so that donor effects of the NMe2-aniline group are likely 
weak as well. 
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Figure 74. Molecular structure of 180 in the solid state (ellipsoids at 50% probability, hydrogen 
atoms omitted for clarity). Selected bond lengths [Å] and angles [°]: B1-B2 1.663(2), B1-N1 
1.410(2), B1-C9 1.570(2), B2-N2 1.400(2), B2-Cl 1.794(2), N3-C12 1.380(2), Σ  B1 360.0, 
Σ  B2 359.9, Σ  N1 360.0, Σ  N2 360.0, Σ  N3 359.9, largest deviation from the best plane 
through the atoms of the 1,4-diaza-2,3-diborinane heterocycle for N2: 0.034(1) Å. 
Diborinane 180 shows absorption maxima in diethylether (c = 0.4-1 mM) at 
334 nm ( = 21200 M−1 cm−1), 255 nm ( = 18700 M−1 cm−1) and 232 nm 
( = 18900 M−1 cm−1). In contrast to 172, no emission was detected for 
excitement at the longest wavelength absorption suggesting that the B-bonded 
chloro substituent quenches the fluorescence. In the case of 180, sensitivity 
towards air was tested in diglyme. Decomposition was observed by absorption 
spectroscopy (Figure 75) and as in the case of 169 a fluorescent species 
emerged, which was already detected in a sample of 180 in hexane with 5‰ 
diethylether solution (c = 5 µM). Here as well, a bathochromic shift of the 
emission and excitation spectra could be observed when the experiments were 
carried out in diglyme (Figure 76). 
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Figure 75. UV/Vis spectra of a 5 µM solution of 180 in diglyme under the influence of air (violett 
to red) and excitation band of a desomposed sample (black) in diglyme. 
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Figure 76. Excitation spectra (left) and emission spectra (right) of the decomposed species in 
the solution of 180 in hexane/ diethylether (5‰) (black) and in diglyme after exposition to air 
overnight (red). 
Diborinane 180 was then employed in a salt metathesis reaction with a selected 
aryllithium reagent to give an unsymmetrically substituted diaryl diborinane. 
Previously generated pentafluorophenyllithium[263] was reacted with 180 in a 
mixture of toluene and diethylether at −100°C to selectively yield the 
unsymmetrically substituted cyclic diazadiborinane 181 in acceptable yields 
(49%) as a colorless powder (Scheme 65). The 11B NMR spectrum shows one 
broad signal at 45.3 ppm in the same range as 180. Again, the expected two 
signals are presumably too close in chemical shift to be resolved. In solution 
and in the ambient atmosphere, 181 undergoes rapid and unselective oxidation. 
In the solid state, it tolerates exposure to air and moisture overnight. Under 
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argon, no decomposition is observed upon prolonged heating above the melting 
point (mp. 131-135°C). 
 
Scheme 65. Synthesis of unsymmetrically substituted diazadiborinane 181. 
Single crystals were obtained from a hexane solution at room temperature. The 
molecular structure is shown in Figure 77. The B-B bond length (1.676(2) Å) is 
in the same range as the previously discussed 1,4-diaza-2,3-diborinanes in this 
thesis and trigonal planar coordination environment is adopted around the 
boron and endocyclic nitrogen atoms, too. The largest deviation from the best 
plane through the atoms of the 1,4-diaza-2,3-diborinane heterocycle with 
0.052(1) Å is observed for B1. The deviation from planarity is rather small 
hinting at pronounced endocyclic B-N--bond interaction, which is supported by 
shorter endocyclic B-N bond lengths in 181 (1.422(1) Å, 1.402(1) Å) compared 
to 166 and 172. The coordination environment of the aminophenyl nitrogen 
atom in 181 is pyramidalized (∢ = 348.5°) and the N-Cphenyl bond length, is in 
the same range as those in 1,2-bis(dimethylamino)diboranes(4) in Section 
3.6.1. Furthermore, an angle between the aminophenyl ring plane normal and 
the B-B binding axis of 50.03° is observed, so that donor effects of the NMe2-
aniline group are most likely weak as well.  
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Figure 77. Molecular structure of 181 in the solid state (ellipsoids at 50% probability, hydrogen 
atoms omitted for clarity). Selected bond lengths [Å] and angles [°]: B1-B2 1.676(2), B1-N1 
1.422(1), B1-C9 1.571(1), B2-N2 1.402(1), B2-C17 1.595(1), N3-C12 1.404(1), Σ  B1 360.0, 
Σ  B2 360.0, Σ  N1 360.0, Σ  N2 360.0, Σ  N3 348.5, largest deviation from the best plane 
through the atoms of the 1,4-diaza-2,3-diborinane heterocycle for B1: 0.052(1) Å. 
The diborinane 181 solution in hexane (c = 0.4-1 mM) shows multiple UV-vis 
absorption band maxima at 349 nm ( = 16900 M−1 cm−1), 313 nm 
( = 15000 M−1 cm−1) and 263 nm ( = 21000 M−1 cm−1) identical with the 
absorption spectrum at c = 5 µM in preparation for fluorescence measurements. 
Pentafluorophenyl-substituted diborinane 181 is almost equally excited at three 
distinct maxima at exc,max = 266 nm, exc,max = 300 nm and exc,max = 350 nm but 
exhibits only one emission maximum at em,max = 406 nm in accordance with 
Kasha’s rule (Figure 78).[272] Quantum yield is determined by Ulbricht Sphere 
and amounts in this case to poor 7 ± 5%. The second aryl substituent leads to a 
bathochromic shift in emission in comparison to 172 probably due to extension 
of the conjugated system but is not as bathochromically shifted as 169 with two 
aminophenyl groups indicating a less pronounced delocalization of electrons in 
181. 
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Figure 78. Absorption (blue), excitation (red) and emission (black) spectra of diazadiborinane 
181 in hexane. 
In the case of 181 the sensitivity towards air was studied in diglyme and 
analogous behavior to the cases of 169 and 180 was found. The longest 
wavelength absorption band loses intensity and a band at smaller wavelength 
emerges after exposition to air (Figure 79). The emerging species is also 
showing fluorescence and was observed before in a hexane solution of 181. 
Due to overlaps of the excitation bands of 181 and the decomposed species 
both are excited in the freshly prepared hexane solution (black, Figure 80). 
Here, as well, a bathochromic shift was observed upon change of the solvent 
from hexane to diglyme (Figure 80). 
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Figure 79. UV/Vis spectra of a 5 µM solution of 181 in diglyme under the influence of air (violett 
to red) and excitation band of a desomposed sample (black) in diglyme. 
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Figure 80. Excitation spectra (left) and emission spectra (right) of the decomposed species in 
the solution of 181 in hexane (black) and in diglyme after exposition to air overnight (red). 
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In the next step, a more electron withdrawing aryl substituent, p-nitrophenyl for 
example, should replace pentafluorophenyl. Considering its anion is hard to 
generate and very labile, the stability of the diborane moiety towards the nitro-
group was tested, by choosing p-nitrophenol in a first attempt to react with 180 
under HCl elimination. Therefore, 1,4-diaza-2,3-diborinane 180 and p-
nitrophenol were separately dissolved and suspended in benzene, respectively. 
Triethylamine, as reagent to capture the eliminated HCl, was added to the 
diborinane solution, which afterwards is transferred via cannula to the 
nitrophenol suspension. Stirring for 1.5 hours selectively yields the desired 
nitrophenol substituted diborane 183 (Scheme 66).  
 
Scheme 66. Synthesis of 4-nitrophenoxy substituted diazadiborinane 183. 
Single crystals were obtained in an NMR-tube from a C6D6-solution. 183 
crystalizes in two different space groups (  and ). The molecular 
structure of the monoclinic system  is discussed and shown in Figure 81, 
because of better structure refinement parameters (R indices). The B-B bond 
length (1.684(2) Å) is in the typical range[135] and trigonal planar coordination 
geometries (∢ ≈ 360°) are found around the boron and endocyclic nitrogen 
atoms. The largest deviation from the best plane through the atoms of the 1,4-
diaza-2,3-diborinane heterocycle with 0.028(1) Å is observed for N1. The 
deviation from planarity is rather small, hinting at pronounced endocyclic B-N-
double bond character. In addition, when compared to 166 and 172 the 
endocyclic B-N bond lengths in 183 (1.413(1) Å, 1.419(1) Å) are shorter, due to 
increased endocyclic B-N--bond interaction, as observed for the other 
diborinanes without direct attachment of one NMe2-group (169, 170, 180, 181) 
to the boron center. The coordination environment of N3 in 183 is pyramidalized 
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(∢ = 351.8°) and the N-Cphenyl bond length, is in the same range as those in 
1,2-bis(dimethylamino) diboranes(4) of Section 3.6.1 so that donor effects of the 
para-NMe2 group are most likely weak in this case as well. This is in line with an 
angle between the phenyl ring-plane normal and the B-B binding axis of 36.14°. 
 
Figure 81. Molecular Structure of 183 in the solid state (ellipsoids at 50% probability, hydrogen 
atoms omitted for clarity). Selected bond lengths [Å] and angles [°]: B1-B2 1.684(2), B1-N1 
1.413(1), B1-C9 1.575(1), B2-N2 1.419(1), B2-O1 1.399(1), N3-C12 1.394(1), O1-C17 1.363(1), 
C20-N4 1.457(1), Σ  B1 360.0, Σ  B2 360.0, Σ  N1 360.0, Σ  N2 360.0, Σ  N3 351.8, 
Σ  N4 360.0, largest deviation from the best plane through the atoms of the 1,4-diaza-2,3-
diborinane heterocycle for N1: 0.028(1) Å. 
In terms of photophysical properties only absorption was examined. Diborinane 
183 solution in diethylether (c = 0.4-1 mM) shows multiple absorption bands at 
316 nm ( = 25100 M−1 cm−1), 259 nm ( = 20700 M−1 cm−1) and 232 nm 
( = 26200 M−1 cm−1). The two absorption bands at longer wavelengths are 
hypsochromically shifted compared to the ones of 169 and 181, which indicates 
a lower degree of electron delocalization in the case of 183. 
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3.6.3 Syntheses and spectroscopic studies of 1,2-diduryldiboranes(4) 
A lot of reported fluorescent monoboranes do not contain directly attached 
amino groups but mostly bulky aryl substituents for kinetic stabilization (for 
example BMes2[171-189]). Hence, the properties of symmetrically and 
unsymmetrically substituted 1,2-diaryl diboranes(4) in comparison to the 
analogously substituted 1,2-bis(dimethylamino)diboranes(4) were to be 
investigated. The bulky aryl ligand 2,3,5,6-tetramethylphenyl (from here on: 
duryl) was chosen. 
1,2-Dichloro-1,2-diduryldiborane(4) (64e) was synthesized according to the 
literature procedure.[98,104] For selective unsymmetrical substitution, protection of 
one reactive site by reaction of 64e with Me3SiNMe2 in hexane at −78°C 
following modified literature procedure was performed,[273] which afforded 185 in 
very good yields (83%) as a colorless solid (Scheme 67). The 11B NMR 
spectrum shows a very broad peak at 88.0 ppm for the chloro-substituted boron 
atom, as expected[98,104], and one broad signal at 47.2 ppm for the amino-
substituted, also in the expected range.[95,108,110,111,257] The monochlorinated 
dimethylamino-1,2-diduryldiborane(4) 185 shows a weak absorption band at 
313 nm ( = 3380 M−1 cm−1) in hexane (c = 0.4-1 mM), but almost no emission. 
Air and moisture sensitivity of 185 was observed for the solid state and in 
solution. 
 
Scheme 67. Synthesis of diduryldiborane(4) 185.[98,104,273] (Dur = 2,3,5,6-tetramethylphenyl) 
As a representative example of the dimethylamino-substituted 1,2-
diduryldiboranes(4) reported in this thesis the solid state structure of 185 was 
determined (Figure 82). Single crystals were grown from hexane solution at 
room temperature. The B-B bond length (1.704(2) Å) is slightly longer than 
those in the cyclic 1,4-diaza-2,3-diborinanes above and hence in the range of 
bis(dimethylamino)diborane(4) B-B bonds, but compares well to those of 
Mes2BBMesPh (1.706 Å[120]) and the equally unsymmetric diborane(4) reported 
by Erker (1.714 Å[123,124]). The diduryldiborane(4) 185 shows planar coordination 
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geometry around the boron centers (∢ = 360°/359.4°). Moreover, the 
coordination geometry around the NMe2 group is planar and the B-N bond 
length is similar to those in the bis(dimethylamino)diboranes(4) described in 
Section 3.6.1, leading to the conclusion that the same bonding situation 
between boron and nitrogen can be assumed. The angle between the 
coordination planes at the boron atoms is smaller (63.1(1)°) than in 
bis(dimethylamino)diboranes(4) in Section 3.6.1. The B-CDur distances (1.589(2) 
Å/ 1.568(2) Å) are in the usual range for B-aryl bonds.[95,108] 
 
Figure 82. Molecular structure of 185 in the solid state (ellipsoids at 50% probability, hydrogen 
atoms and second molecule in the asymmetric unit omitted for clarity). Selected bond lengths 
[Å] and angles [°]: B1-B2 1.704(2), B1-N1 1.388(2), B2-Cl1 1.791(2), B1-C1 1.589(2), B2-C11 
1.568(2), Σ  B1 360.0, Σ  B2 359.4, Σ  N1 360.0, angle between B coord. Planes 63.1(1). 
For the incorporation of the donor substituent, the monochlorinated diborane(4) 
precursor 185 and 4-(dimethylamino)phenyllithium were mixed in solid form, 
diethylether was added and the reaction mixture stirred overnight. Diborane(4) 
186 was quantitatively obtained, as indicated by NMR spectroscopic analysis of 
the crude product, and isolated by filtration and precipitation from hexane in 
acceptable yield (51%) (Scheme 68). The 11B NMR spectrum exhibits the 
anticipated two broad signals, one at 87.1 ppm attributed to the 4-
(dimethylamino)phenyl-substituted and the second at 53.2 ppm for the amino-
substituted boron center. The chemical shifts are comparable to the signals of 
185. Additionally, the 1H NMR spectrum (Figure 83) shows the expected 
number of resonances, which strongly suggests the formation of 186. Exposure 
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to ambient air revealed stability under these conditions at least for several days 
in the solid state as well as in solution. 
 
Scheme 68. Synthesis of aminophenyl-substituted dimethylaminodiduryldiborane(4) 186. (Dur = 
2,3,5,6-tetramethylphenyl) 
 
Figure 83. 1H NMR spectrum of diduryldibornae(4) 186.  
UV-vis spectroscopic studies show one minor absorption band at 242 nm 
( = 1580 M−1 cm−1) and one distinct absorption band at 337 nm 
( = 44000 M−1 cm−1). The longest wavelength absorption of the related 
dimethylaminophenyl-substituted dimesitylmonoborane is reported in the same 
range[171,178] indicating that the absorbing system in both compounds is the 
aminophenylboron moiety. Another parallel is that fluorescence can be detected 
for both compounds in nonpolar solvent when exciting the longest wavelength 
absorption which correlates perfectly with the excitation band maximum 
(Figure 84). Diborane(4) 186 exhibits the emission band maximum at 430 nm 
(Figure 84) in hexane solution (c = 2.5 µM) resulting in a Stokes shift of 93 nm 
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(6418 cm−1) which is much more pronounced than that reported for 
dimethylaminophenyl-substituted dimesityl-monoborane (33 nm (2636 cm−1)[171], 
14 nm (1075 cm-1)[178]) in nonpolar solvent (cyclohexane). The quantum yield in 
the case of 186 is unfortunately below 5%. 
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Figure 84. Absorption (blue), excitation (red) and emission (black) spectra of diduryldiborane(4) 
186 in hexane. 
The next goal was to synthesize diboranes(4) without direct amino stabilization. 
The unsymmetrically substituted diborane(4) 187 was synthesized from 1,2-
dichlorodiborane(4) 64e by reaction with one equivalent of 4-
(dimethylamino)phenyllithium and isolated as yellow amorphous solid in 45% 
yield (Scheme 69). In order to increase selectivity, a temperature of −78°C had 
to be maintained during the synthesis. The 11B NMR spectrum shows one very 
broad signal at 81.1 ppm. In contrast to the amino-substituted analogue 186, 
the chloro-derivative 187 is sensitive towards air and moisture in solid state and 
in solution, which can be attributed to the reactive B-Cl bond. 
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Scheme 69. Synthesis of aminophenyl substituted chloro-diduryldiborane(4) 187. (Dur = 
2,3,5,6-tetramethylphenyl) 
Single crystals were grown by crystallization of the amorphous solid from 
toluene at −26°C, which allowed for the determination of the solid-state 
structure of 187 by x-ray diffraction (Figure 85). The B-B bond length 
(1.690(3) Å) is in the same range as the above described 1,2-diduryldiborane(4) 
185 and thus marginally longer than those in the cyclic 1,4-diaza-2,3-
diborinanes in this work and in the range of B-B bonds 
bis(dimethylamino)diboranes(4). 187 compares well to Mes2BBMesPh (1.706 
Å[120]) and the equally unsymmetric diborane(4) reported by Erker (1.714 Å[123], 
[124]) but is slightly longer than the B-B bonds in the two conformers of (o-
tol)2BB(o-tol)2 (1.686 Å/ 1.695 Å[122]). The diduryldiborane(4) 187 shows planar 
coordination geometries at both boron centers (∢ = 360°). The angle between 
the coordination planes at the boron atoms is smaller (64.3(1)°) than in 1,2-
bis(dimethylamino) diboranes(4) in Section 3.6.1, but resembles the one in 
diduryldiborane(4) 185. The B-CDur distances (1.573(3) Å/ 1.592(3) Å) are in the 
usual range for B-aryl bonds.[95,108] Unlike in the previous cases (156, 157, 161, 
169, 172, 180, 181, 183), the −donation of the NMe2 group in the aminophenyl 
substituent in 187 is substantial as shown by the almost planar coordination at 
nitrogen (∢ = 358.7°) and the N1-C14 bond length (1.365(2) Å), which is the 
shortest of all diboranes(4) reported here and is similar to that of the donor-free 
p-Me2N(C6H4)BMes2 as characterized by Marder et al.[178]. Correspondingly, the 
angle between the aminophenyl ring-plane normal and the B-B binding axis is 
with 89.4° close to the ideal 90°, which underlines the assumption of -
interaction of nitrogen and boron through the phenyl ring. 
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Figure 85. Molecular structure of 187 in the solid state (ellipsoids at 50% probability, hydrogen 
atoms and second molecule in the asymmetric unit omitted for clarity). Selected bond lengths 
[Å] and angles [°]: B1-B2 1.690(3), B1-Cl1 1.800(2), B1-C1 1.573(3), B2-C11 1.531(3), B2-C19 
1.592(3), C14-N1 1.365(2), Σ  B1 360.0, Σ  B2 359.4, Σ  N1 358.7, angle between B coord. 
Planes 64.3(1). 
Diborane(4) 187 exhibits an absorption maximum at 347 nm 
( = 33800 M−1 cm−1) in hexane solution (c = 0.2-0.8 mM) in the same range as 
the dimethylamino substituted diborane(4) 186 hinting at the aminophenylboron-
moiety as the main absorbing unit, here as well. Thus expectedly, fluorescence 
(Figure 86) could be invoked in hexane solution (c = 2.5 µM) with an excitation 
maximum at 339 nm, supporting the aminophenylboron unit as fluorescence 
origin, and an emission maximum at 520 nm which results in an even more 
pronounced Stokes shift (181 nm, 10268 cm−1) than for 186. Quantum yield in 
this case amounts to 14 ±5%, approaching that of the dimethylaminophenyl 
substituted dimesityl-monoborane (42%) in cyclohexane[171]. Unfortunately, 187 
turned out to be photolabile and decomposes to unknown species upon 
irradiation. 
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Figure 86. Absorption (blue), excitation (red) and emission (black) spectra of diduryldiborane(4) 
187 in hexane. 
In order to investigate the properties of a doubly aminophenyl substituted 1,2-
diduryldiborane(4), 188 was synthesized directly from 1,2-dibromodiborane(4) 
64f by reaction at room temperature with two equivalents of 4-
(dimethylamino)phenyllithium in diethylether for two days. While NMR 
spectroscopic analysis of the crude product shows the formation of one 
compound selectively in the 1H and 11B NMR spectra, its isolation as yellow 
microcrystalline solid could only be achieved with poor yield (19%) 
(Scheme 70). Long reaction times indicate a sterically hindered position at the 
boron center. No 11B NMR signal could be observed at room temperature. At 
343 K, however, sufficient sharpening occurred to give rise to a clearly 
distinguishable, nevertheless still broad signal at 87.1 ppm (Figure 87). 
Additionally, the 1H NMR spectrum (Figure 88) shows the anticipated 
resonances, which strongly suggests the formation of 188, as planned. Stability 
for days towards air and moisture in the solid state and in solution was 
discovered for 188. 
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Scheme 70. Synthesis of symmetrically substituted bis(aminophenyl)-diduryldiborane(4) 188. 
(Dur = 2,3,5,6-tetramethylphenyl) 
 
Figure 87. 11B NMR spectrum of diduryldiborane(4) 188 at 343K. 
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Figure 88. 1H NMR spectrum of diduryldiborane(4) 188. 
Diborane(4) 188 exhibits two minor absorption maxima at 244 nm 
( = 17100 M−1 cm−1) and 279 nm ( = 13900 M−1 cm−1) and one intense 
absorption maximum at 341 nm ( = 48200 M−1 cm−1) in hexane solution 
(c = 0.2-0.8 mM) in the same range as the dimethylamino substituted 
diborane(4) 186 and chlorodiduryldiborane(4) 187 suggesting as in the other 
cases the aminophenylboron-moieties as the main absorbing units. As 
anticipated, fluorescence (Figure 89) could be invoked in hexane solution 
(c = 2.5 µM) with an excitation maximum at 341 nm, supporting the 
aminophenylboron unit as fluorescence source, and emission maxima at 
474 nm and 558 nm both originating from the same excitation band suggesting 
either vibronic coupling or excitation to a higher state with a significant delay of 
non-radiative decay to the S1 state (i.e. a violation of Kasha's rule[272]). Due to 
the high stability of 188 under air, it is at least very unlikely that impurities or 
decomposition products are responsible for the second emission. This results in 
immense Stokes shifts (133 nm, 8229 cm−1/ 217 nm, 11404 cm−1). Large 
Stokes shifts suggest a pronounced geometric distortion in the excited state and 
intramolecular charge-transfer (ICT), as known for the related 
dimethylaminophenyl-substituted dimesitylborane[171] In the case of 188 the 
second emission band could even occur from a twisted ICT state, although this 
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is normally stabilized only by polar solvents.[274] Quantum yield in this case 
amounts to 20 ±5%, approaching that of the dimethylaminophenyl substituted 
dimesityl-monoborane (42%) in cyclohexane[171]. Unfortunately, 188 turned out 
to be photolabile and decomposes to unknown species upon irradiation. 
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Figure 89. Absorption (blue), excitation (red) and emission (black) spectra of diduryldiborane(4) 
188 in hexane. 
In analogy to 161 and 181, a 4-dimethylaminophenyl and pentafluorophenyl 
substituted diduryldiborane(4) 189 was aimed at (Scheme 71). In the attempted 
reaction of 187 in toluene with pentafluorophenyllithium in diethylether at −78°C, 
however, only decomposition of the anion and unreacted 187 was observed 
NMR spectroscopically after warming to room temperature. The addition of a 
second substituent to 187 requires longer reaction times at room temperature 
as previously observed during the synthesis of 188 (see above). 
Pentafluorophenyllithium, however, is unstable at room temperature leading to 
decomposition before appreciable conversion to the targeted product had taken 
place.  
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Scheme 71. Attempted reaction of aminophenyl substituted chloro-diduryldiborane(4) 187 with 
pentafluorophenyl lithium (160). (Dur = 2,3,5,6-tetramethylphenyl) 
In order to circumvent the stability problem with pentafluorophenyllithium at 
room temperature, the pentafluorophenyl substituent should be attached first, 
which might allow for longer reaction times in the second substitution reaction. 
Therefore, pentafluorophenyllithium was reacted with 1,2-dichloro diborane(4) 
64e at low temperatures (Scheme 72). After warming to room temperature, 
solvent and volatile components were removed, followed by filtration from 
hexane. NMR spectroscopic analysis of the filtrate strongly suggested the 
selective formation of 190 with the typical duryl-signals at 6.84 ppm, 6.82 ppm 
(each s, altogether 2H, DurH) and 2.00 ppm, 1.98 ppm, 1.90 ppm, 1.88 ppm 
(each s, each 6H, Dur-CH3) in the 1H NMR spectrum (Figure 90), the typical 
signals for a pentafluorophenyl-group at −120.2 to −120.4 ppm (m, 2F, F5Ph-
oF), −142.5 ppm (tt, 3JF-F = 21.1 Hz, 4JF-F = 8.1 Hz, F5Ph-pF), −160.7 to 160.9 
(m, 2F, F5Ph-mF)in the 19F NMR spectrum (Figure 91) and a broad signal in the 
11B NMR spectrum at 87.7 ppm. Due to time constraints towards the end of this 
PhD project, 190 has not yet been fully characterized or reacted with 4-
dimethylaminophenyllithium. 
3. Results and Discussion 
142 
 
Scheme 72. Synthesis of pentafluorophenyl substituted chloro-1,2-diduryldiborane(4) 190. (Dur 
= 2,3,5,6-tetramethylphenyl) 
 
Figure 90. 1H NMR spectrum of diduryldiborane(4) 190. 
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Figure 91. 19F NMR spectrum of diduryldiborane(4) 190. 
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Scheme 73. Synthesis and isolation of boryl benzamidinates in the closed form (104a,b, 
119,124, 126, 128 and 131) and open chained form (130) from either lithium amidinate 102 or 
123 plus the isolated product 136 from the reaction between 104a and 2 iPr2Me2NHC and the 
isolated product 145 from the reaction between open chained boryl amidinate 130 and iPrMgCl. 
102: Ar = Ph, R = Dip; 123: Ar = C6F5; 104a: Ar = Ph, R = Dip, X = Y = Cl; 104b: Ar = Ph, R = 
Dip, X = Y = Br;  119: Ar = Ph, R = tBu, X = Y =  Cl; 124: Ar = C6F5, R = Dip, X = Y = Cl; 126: Ar 
= Ph, R = Dip, X = Cl, Y = Ph; 128: Ar = Ph, R = Dip, X = Cl, Y = cyclohexyl; 131: Ar = Ph, R = 
tBu, X = Cl, Y = NMe2. (Dip = 2,6- iPr2C6H3) 
Emerging applications of saturated main group element amidinate complexes, 
for example dialkyl aluminium amidinates,[190-192] rose the question about the 
synthetic possibilities of their lighter analogues, namely boryl amidinates. A 
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large collection of boryl amidinates and guanidates has been synthesized so 
far, but their reactivity remains rather unexplored. [24-45] 
Thus, in one part of this PhD thesis a number of new boryl benzamidinate 
complexes 104a and b, 119, 124, 126, 128, 130, 131 have been synthesized by 
applying the established synthetic method of reacting lithium amidinates 102 or 
123 with chloroboranes (YBX2 = BCl3, BBr3, PhBCl2, cyclohexylBCl2, Me2NBCl2, 
Scheme 73).[195] Their reactivity in reduction reactions and towards bases/ 
nucleophiles was investigated.  
Most of the newly synthesized and characterized boryl amidinates take on the 
anticipated N,N-chelating form (104a and b, 119, 124, 126, 128, 131). In the 
cases of the N-Dip substituted amidinates, isolation of the corresponding boryl 
amidinates has been more difficult, especially in the case of 104a, because of 
rearrangement in concentrated solution, most likely due to the steric bulk and 
therefore a more constrained four-membered ring. A rearrangement pathway as 
displayed in Scheme 74 was suggested with benzazaborole 116 as major 
rearrangement product by considering literature[26] and, in retrospect, the 
isolation of a similar structural motif 136 during this PhD studies (Scheme 73). 
 
Scheme 74. Suggested rearrangement pathway of 104a to 116, which was mostly observed 
after storage of 104a in concentraded solution. 
Previous attempts to synthesize amidinate or guanidate stabilized borylenes 
failed. [27,28,39] Attempts to reduce dihaloboryl amidinates 104a,b with various 
reducing agents did not succeed either. While the Dip groups probably provide 
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the required kinetic stabilization, DFT calculations suggested that our chosen 
ligand-system does not induce a large enough singlet-triplet gap to force a 
singlet state amidinate-borylene. As CAACs are known to provide stability for 
radical structures,[275] future reduction attempts should be performed in their 
presence. Another possibility would be to alter the ligand system. Our DFT 
studies suggest that a guanidate ligand would be preferred to increase the 
singlet-triplet gap and that a ligand attachment with the imine function in the 
backbone enlarges the singlet-triplet gap even more. This would result in the 
anionic borylene structure 134 (Scheme 75). The suitable precursor 215 could 
be synthesized following literature procedures to prepare the dianionic ligand 
216 and react it with borontrichloride.[276,277] A similar structure has already been 
reported (217, Scheme 75)[278,279] but steric protection would be lowered in 215, 
so that intermolecular coordination could be a problem in this case. 
 
Scheme 75. By DFT-calculations suggested guanidate borylene 134 retrosynthesis proposition 
via 215 and 216 plus previously reported 217.[278,279]  
By altering the substituents on the boryl group we found an exception for the 
usually adopted N,N-chelating mode: dimethylaminoboryl amidinate 130 adopts 
an open chained form in solid state, which was confirmed by x-ray diffraction 
analysis, as well as in solution, which was indicated by 11B NMR spectroscopy. 
This leads to a difference in reactivity towards nucleophiles/ bases. Where no 
reaction was observed for the closed form boryl amidinates 104a and 128, 
various metal organic reagents perform nucleophilic attacks on the phenyl ring 
of the dimethyaminoboryl benzamidinate 130 thereby dearomatizing the latter 
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and subsequent metalchloride elimination leads to a quinoidic structure. 145 
(Scheme 73) was isolated and structurally characterized as representative. 
Several others, among them 154 (Scheme 76), were observed NMR-
spectroscopically. In future experiments, the exchange of the dimethylamino 
group at the boron center could be pursued to be able to attach various 
substituents at this end of the interesting structural motif. The spectroscopically 
observed structures, especially the disilenyl substituted derivative 154, should 
be isolated and characterized as it represents an interesting target for further 
investigations. For example, rearomatization could be attempted by hydride 
abstraction to form the cationic structure 218 (Scheme 76). The disilenyl moiety 
attached to the phenyl ring and an electron deficient substituent in para-position 
could result in interesting optoelectronic properties, as has in principle 
previously been observed for aryl substituted disilenes in our group.[280] 
 
Scheme 76. Suggested rearomatization of 154 to form 218.  
Three-coordinate boron compounds, especially arylmonoboranes, are widely 
known for their luminescent properties,[223-230] but diboranes(4) have rarely been 
investigated in this regard. Therefore, a systematic study with different 
diborane(4) skeletal structures was performed as second part of this PhD 
project.  
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Scheme 77. Synthesized and structurally characterized substituted 1,2-bis(dimethylamino)-
diboranes(4), 156, 157 and 161, 1,1-isomer 158, benzo fused cyclic 1,4-diaza-2,3-diborinanes 
166, 169, 170, 172, 181 and 183 as well as 1,2-diduryl-diboranes(4) 185 to 188. 64e: X = Cl; 
64f: X = Br; 157: Ar = Ph-NMe2; 158: Ar = Ph-NMe2; 161: Ar = C6F5; 169: Ar = Ph-NMe2; 170: Ar 
= C6F5; 172: Ar = Ph-NMe2; 181: Ar = Ph-NMe2, Ar’ = C6F5; 183: Ar = Ph-NMe2, Ar’ = O-Ph-
NO2; 185: R = NMe2, Y = Cl; 186: R = Ph-NMe2, Y = NMe2; 187: R = Ph-NMe2, Y = Cl; 188: Ar = 
Ph-NMe2. 
The isolation and structural characterization of substituted 
1,2-bis(dimethylamino)diboranes(4), 156, 157 and 161, benzo fused cyclic 
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1,4-diaza-2,3-diborinanes 166, 169, 170, 172, 181 and 183 as well as 
1,2-diduryl-diboranes(4) 185 to 188 was reported (Scheme 77). When 54a is 
reacted with excess of p-N,N-dimethylaminophenyllithium partial rearrangement 
to the 1,1-isomer 158 was observed, which could be isolated in small quantities 
and characterized by x-ray diffraction analysis and NMR spectroscopy. Cyclic 
voltametric measurements of 156 and 157 showed the sensitivity of the p-Ph-
NMe2-moiety towards oxidation. Rapid decomposition of 1,4-diaza-2,3-
diborinanes 169, 180 and 181, which was observed in UV-Vis measurements, 
also hint at sensitivity towards oxidation. In future endeavours, a comprehensive 
cyclic voltammetry-study should be performed for all the isolated diboranes(4) 
and subsequently, chemical oxidation should be investigated. 
Spectroscopic studies (Table 4) showed that in principle fluorescence can be 
invoked in 1,2-bis(dimethylamino)diboranes(4) by unsymmetrical substitution 
with electron donating and withdrawing groups at the boron centers, i.e. 
diborane(4) 161. Substitution on the cyclic 1,4-diaza-2,3-diborinane boron 
center mostly modified the electronic constitution of the skeletal structure (166, 
169, 170, 172, 180, 181, 183). Finally, substitution on 1,2-diduryl-diboranes(4) 
with 4-dimethylaminophenyl groups (186-188) gave partly extraordinary Stokes 
shifts in nonpolar solvent, whereby 187 and 188 are photolabile. A major aspect 
of future investigations should be to examine the origin of these exceptional 
Stokes shifts. ESR measurements under irradiation of 187 and 188 could 
elucidate the reason behind their photo-instability. Additionally, substituents 
should be varied and extended -systems could be attached to further explore 
the possibilities of luminescent diboranes(4). 
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Table 4. Spectroscopic data for synthesized diboranes(4). Wavelengths  [nm], wavenumbers  
[cm-1] and extinction coefficients  [L mol−1 cm−1] 
 abs,max () exc,max em,max  () fl 
156 282 (13200) - - - - 
157 281 (34900) - - - - 
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337 430 93 (6418) < 5% 





341 474/ 558 
133 (8229)/ 
217 (11404) 
20 ± 5% 
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5. Experimental Section 
5.1. General 
5.1.1 Experimental conditions 
All manipulations, if not indicated otherwise, were carried out under a protective 
atmosphere of argon using standard Schlenk techniques or a glovebox. The 
protection gas used was Argon 5.0 supplied by Air Liquide and was used 
without further purification. 
All glassware was cleaned in a KOH/ isopropanol bath, neutralized and kept in 
a drying oven at 120°C overnight prior to use. All setups were evacuated and 
purged with argon three times. The high vacuum was generated with a slide 
vane rotary vacuum pump RZ 6 from Vakuumbrand. 
 
5.1.2 Solvent purification 
Pentane, benzene and dimethoxyethane (dme) were refluxed with 
sodium/benzophenone and distilled prior to use. Methanol was dried over Mg 
and distilled prior to use. Dichloromethane, hexane, diethylether (Et2O), 
tetrahydrofuran (thf) and toluene were taken directly from a solvent purification 
system (Innovative Technology PureSolv MD7). o-Difluorobenzene was 
refluxed over CaH2 and distilled prior to use. C6D6 was refluxed over potassium 
and distilled prior to use. CDCl3 was refluxed over P4O10 and distilled prior to 
use. 
 
5.1.3 Analytical methods 
NMR spectra were recorded at 300 K on a Bruker Avance III 300 (1H: 
300.13 MHz, 11B: 96.29 MHz, 13C: 75.47 MHz, 19F: 282.40 MHz, 29Si: 59.6 MHz) 
and a Bruker Avance III HD 400 (1H: 400.13 MHz, 11B: 128.38 MHz, 13C: 
100.61 MHz, 29Si: 79.5 MHz). Chemical shifts are reported relative to SiMe4, 
BF3-OEt2 or CFCl3. 1H and 13C NMR spectra were referenced to the peaks of 
the residual protons of deuterated solvents or the deuterated solvent itself 
(CDCl3: H: 7.26 ppm, C: 77.16 ppm; C6D6: H: 7.16 ppm, C: 128.06 ppm; 
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thf-d8: H: 3.58 ppm, 1.72 ppm, C: 67.21 ppm, 25.31 ppm. All chemical shifts 
are reported in parts per million (ppm). Coupling constants are reported in Hertz 
(Hz). The multiplicity and shape of the observed signals are given as s = singlet, 
d = doublet, t = triplet, sept = septet, m = multiplet or convoluted signals, br = 
broad signal. 
UV/Vis spectra were measured using a Shimadzu UV-2600 spectrometer in 
quartz cells with a path length of 1 mm.  
Fluorescence spectra were measured using Jasco FP-6500 
spectrofluorometer in quartz cells with a path length of 10 mm. The 
corresponding UV/Vis spectra were measured with a Jasco V-650 
spectrometer. Quantum yields were measured using Hamamatsu Quantaurus-
QY C11347-11. 
Fourier-Transform IR spectra were acquired on a Bruker Vertex 70 
spectrometer in attenuated total reflectance (ATR) mode.  
Melting points were determined under argon in closed NMR tubes and are 
uncorrected. NMR spectra were run directly afterwards on a solution of the 
cooled down melt. 
Elemental analysis was carried out on an elementar vario Micro Cube. 
 
5.2. Starting Materials 
5.2.1 General Starting materials 
Commercially purchased chemicals: 
• used without further purification:  
di-tbutyldiimine, bithiophene, N,N-dimthyltrimethylsilylamine, durene and 
lithium aluminumhydride were purchased from abcr, bromine and ethyl 
chloroformate were purchased from Acros Orgnics, benzoic acid, 2,6-
diisopropylaniline, cyclohexene, 4-bromo-N,N-dimethylaniline, 
bromopentafluorobenzene, 4-bromobenzonitrile, 4-iodonitrobenzene, 9-
bromoanthracene, 1-bromopyrene, p-nitrophenol and 4-bromothioanisole 
were purchased from Alfa Aesar, dimethylamine(g) was purchased from 
GHC, borontrichloride(g) was purchased from Praxair, nbutyllithium 
solution in hexanes (2.5 M), borontrichloride and -tribromide solution in 
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hexanes (1 M), phenyl lithium solution in dibuthylether (1.9 M), disodium 
tetracarbonylferrate, isopropylmagnesiumchloride solution in thf (2 M), 
potassium hexamethyldisilazide, 2-bromothiophene and o-
phenylenediamine were purchased from Sigma Aldrich, bis(2,6-
diisopropylphenyl)-methanediimine, dichlorophenylborane and 
tributylsilane were purchased from TCI, triphenylborane was purchased 
from VWR. 
• purified prior to use: 
Trimethylsilylchloride was purchased from Acros Organics and distilled 
from Mg prior to use, triethylamine is purchased from Acros Organics 
and distilled prior to use, borontribromide was purchased from Sigma 
Aldrich and distilled from copper-wire prior to use. 
Starting materials supplied by the group: 
• Jones’ Magnesium [{(DipNacnac)Mg}2][201], lithium powder, potassium 
graphite, 1,3-diisopropyl-4,5-dimethyl-1,3-dihydro-2H-imidazole-2-




5.2.2 Synthesis of (E)-N,N'-bis(2,6-diisopropylphenyl)benzimidamide 
105[286]  
 
YK083_4: A 1L-Schlenk flask is charged with phosphorouspentoxide 
(evacuated with flask, 45.0 g, 159 mmol), dichloromethane (abs., 200 mL), and 
hexamethyldisiloxane (200 mL, 152 g, 0.936 mol). The reaction mixture is 
heated to reflux, which is maintained for two hours. Subsequently all volatile 
components are removed and the residue, PPSE (trimethylsilyl polyphosphate), 
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is heated to 160°C. Benzoic Acid (9.00 g, 73.7 mmol, 1 eq.) and 2,6-
diisopropylaniline (28.0 mL, 26.3 g, 148 mmol, 2.0 eq.) are added to the hot 
PPSE. The reaction mixture is heated overnight at 160°C and poured hot into a 
1 M solution of NaOH (800 mL) stirring vigorously. The aqueous phase is 
extracted with dichloromethane (3x 400 mL, caution: exothermal dissolution). 
The combined organic phases are dried over MgSO4 and the solvent is 
removed to yield the crude amidine. Filtration from hexane and concentration of 
the filtrate affords the pure amidine 105 (19.7 g, 60%) as colorless 
microcrystalline solid at 5°C.  
1H NMR (300.13 MHz, CDCl3, 300 K, TMS):  =  7.42–6.89 (m, 11H, Ar-CH), 
5.72 (s, 1H, NH), 3.49 (bs) + 3.28 (sept, 3J = 6.8 Hz) (2H, Dip-CH(CH3)2), 3.19 
(sept, 3J = 6.8 Hz) + 3.03 (bs) (2H, Dip-CH(CH3)2), 1.38 (d, 3J = 6.9 Hz) + 1.32 
(bs) + 1.26 (d, 3J = 6.6 Hz) (12H, Dip-CH(CH3)2), 1.01 (d, 3J = 6.5 Hz) + 0.90 (d, 
3J = 6.6 Hz) + 0.83 (bs) (12H, Dip-CH(CH3)2) ppm. 
 
5.2.3 Synthesis of lithium (E)-(2,6-diisopropylphenyl)(((2,6-
diisopropylphenyl)imino)(phenyl)methyl)amide 102[287] 
 
YK107: Benzamidine 105 (3.80 g, 8.62 mmol, 1 eq.) is dissolved in toluene 
(50 mL) and cooled to −78°C (isopropanol/ liquid nitrogen). nButyl lithium 
solution in hexanes (2.37 M, 3.8 mL, 9.00 mmol, 1.05 eq.) is added dropwise 
via syringe. The reaction mixture is stirred in the cooling bath for 1 hour and is 
then allowed to reach room temperature. Stirring is continued for 1 hour. 
Removal of solvent and volatile components in vacuo is followed by washing 
with hexane (3x 10 mL). Thorough drying affords amidinate 102 (3.33 g, 87%) 
as ocher powder. 
1H NMR (300.13 MHz, C6D6, 300 K, TMS): A few drops of thf-d8 is added to 
increase solubility of the product in C6D6.  = 7.19-7.13 (m, 6H, Ar-CH), 7.05-
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7.00 (m, 2H, Ar-CH), 6.87-6.75 (m, 3H, Ar-CH), 3.75 (sept, 3J = 6.8 Hz, 4H, Dip-
CH(CH3)2), 1.29 (d, 3J = 6.8 Hz, 12H, Dip-CH(CH3)2), 1.07 (d, 3J = 6.9 Hz, 12H, 
Dip-CH(CH3)2) ppm. 7Li NMR (116.64 MHz, C6D6, 300 K, Li+ aq): A few drops of 
thf-d8 is added to increase solubility of the product in C6D6.  = 1.74 (s) ppm. 
 
5.2.4 Synthesis of iPr2Me2NHC 135[281] 
 
YK127: A Schlenk-flask is charged with thione 193 (8.45 g,39.8 mmol, 1eq.) 
and evacuated (3x). Thf (ca 150 mL) is added and the reaction mixture is 
cooled to 0°C. Potassium (3.5 g, 89.5 mmol, 2.3 eq.) is cut in mineral oil, 
washed twice in hexane and added to the cooled reaction mixture, which is 
subsequently refluxed for 5 h. Cooling to rt is followed by filtration and removing 
all solvents and volatile components. The crude product is twice sublimed 
yielding NHC 135 as colorless solid (6.30 g, 87%). 
1H NMR (300.13 MHz, C6D6, 300 K, TMS):  = 3.96 (sept, 3J = 6.6 Hz, 2H, 
NCH(CH3)2), 1.74 (s, 6H, CH3), 1.50 (d, 3J = 6.6 Hz, 12H) ppm. 
 
5.2.5 Synthesis of bromodurene 195 
 
YK120: This reaction was not carried out under argon atmosphere. Durene 
(556 g, 4.14 mol) is dissolved in chloroform (ca. 1.5 L). The solution is filled in a 
2 L-three-necked flask connected to a wash-bottle-setup filled with sodium 
hydroxide solution. Both are cooled in an ice bath. Bromine (223 mL, 695 g, 
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4.35 mol) is added dropwise through an aluminum foil covered dropping funnel. 
The reaction mixture is stirred in the ice bath overnight, new ice is added and 
the reaction mixture is stirred for 3 days. Subsequently deionized water is 
added and stirred for 1 h. The phases were separated and the organic layer is 
washed twice with sodium hydroxide solution (2 M), deionized water, and 
saturated sodium chloride solution. All solvents and volatiles are removed under 
vacuum. Two times dry distillation affords 239 g bromodurene 195 (1.12 mol, 
27%). 
1H NMR (400 MHz, CDCl3, 300 K, TMS):  = 2.30 (s, 6H, Dur-CH3), 2.38 (s, 6H, 
Dur-CH3), 6.91 (s, 1H, Dur-CH) ppm. 
 
5.2.6 Synthesis of dichlorocyclohexyl borane 127[288]  
 
YK207: BCl3 solution (1.1 M in hexane, 36.4 mL, 40.0 mmol, 1 eq.) is cooled 
to−78°C and cyclohexene (degassed, 4.0 mL, 40.0 mmol, 1 eq.) is added via 
syringe. The reaction mixture is stirred for 15 minutes at −78°C, then 
tributylsilane (10.3 mL, 40.0 mmol, 1.eq.) is added dropwise via syringe. The 
reaction mixture is slowly allowed to reach room temperature and is stirred 1 
hour at room temperature. Solvent is removed carefully in vacuo. Distillation at 
40 mbar afforded the desired dichlorocyclohexyl borane 127. 
11B NMR (96.29 MHz, C6D6, 343 K, BF3-Et2O):  = 63.3 (s) ppm. 
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5.2.7 Synthesis of tris(dimethylamino)borane 200 
 
YK073: Pentane (750 mL) is filled in a 2 L-three necked flask equipped with a 
kpg-stirrer and is cooled to −78°C (isopropanol/ dry ice) for 30 minutes. 
Dimethylamine (750 mL, 11.3 mol) is condensed in the flask. BCl3 (143 mL, 
1.74 mol) is condensed in a cooled (−78°C) separate Schlenk tube. BCl3 is 
transferred dropwise to the dimethylamine-solution by evaporating the BCl3 in 
the Schlenk flask and letting it flow through a condenser. The reaction mixture is 
allowed to warm to room temperature overnight and is filtered through a 
Büchner funnel. Removal of solvent and volatile components is followed by 
distillation (50 mbar, 62°C) with Vigreux column yielding B(NMe2)3 200 as 
colorless liquid (202 g, 41%). 
1H NMR (300.13 MHz, C6D6, 300 K, TMS):  = 2.55 (s, 18H, N(CH3)2) ppm. 11B 
NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 27.6 (s) ppm 13C NMR 
(75.47 MHz, C6D6, 300K, TMS):  = 39.6 (s, N(CH3)2) ppm. 
 
5.2.8 Synthesis of Dichloro(dimethylamino)borane 129 
 
YK197: Tris(dimethylamino)borane 200 (27.8 g, 0.194 mol) is dissolved in 
pentane (100 mL). BCl3 (32 mL, 0.388 mol) is condensed in a cooled (−78°C) 
separate Schlenk tube and subsequently condensed to the cooled (0°C) 
tris(dimethylamino)borane solution. The reaction mixture is allowed to reach 
room temperature and is stirred overnight. Removal of solvent and volatile 
components is followed by distillation (100 mbar, 47°C-49°C) with Vigreux 
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column yielding Cl2BNMe2 129 as colorless liquid (26.1 g, 36%). (Loss of yield 
is attributed to low pressure (20 mbar) at the start of the distillation leading to 
condensed product in the cooling trap). The product solidifies as dimer and is 
stored as solid at rt. 
1H NMR (300.13 MHz, C6D6, 300 K, TMS):  = 2.36 (s, 6H, N(CH3)2) ppm. 11B 
NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 30.4 (br s) ppm  
 
5.2.9 Synthesis of Chlorobis(dimethylamino)borane 167[289] 
 
YK074: Tris(dimethylamino)borane 200 (202 g, 1.42 mol) is dissolved in 
pentane (100 mL). BCl3 (58 mL, 0.71 mol) is condensed in a cooled (−78°C) 
separate Schlenk tube and subsequently condensed to the cooled (−78°C) 
tris(dimethylamino)borane solution. The reaction mixture is allowed to reach 
room temperature and is stirred overnight. Removal of solvent and volatile 
components is followed by distillation (25 mbar, 50°C) with Vigreux column 
yielding ClB(NMe2)2 167 as colorless liquid (268 g, 93%). 
1H NMR (300.13 MHz, C6D6, 300 K, TMS):  = 2.50 (s, 12H, N(CH3)2) ppm. 11B 
NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 28.0 (s) ppm 13C NMR 
(75.47 MHz, C6D6, 300K, TMS):  = 39.9 (s, N(CH3)2) ppm. 
 
5.2.10 Synthesis of tetrakis(dimethylamino)diborane(4) 53[289] 
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YK082: Na/K2.8 alloy (43.3 g, 1.24 mol) is suspended in a 1:1 mixture of 
pentane and hexane (each 250 mL) and triglyme is added. First a 20 mL portion 
of Chloro(dimethylamino)borane 167 (147 mL, 0.93 mol) is added through a 
dropping funnel and when the reaction mixture starts warming up the rest of the 
borane is added dropwise. The reaction mixture is refluxed for five hours and 
stirred at room temperature overnight. The reaction mixture is filtered through a 
frit. Removal of solvent and volatile components is followed by distillation (main 
fraction: 11-16 mbar, 79-88°C) with Vigreux column yielding 
Tetrakis(dimethylamino) diborane(4) 53 as colorless liquid (87.3 g, 95%). 
1H NMR (300.13 MHz, CDCl3, 300 K, TMS):  = 2.66 (s, 24H, N(CH3)2) ppm. 
11B NMR (96.29 MHz, CDCl3, 300 K, BF3-Et2O):  = 36.9 (s) ppm 13C NMR 
(75.47 MHz, CDCl3, 300K, TMS):  = 41.3 (s, N(CH3)2) ppm. 
 
5.2.11 Synthesis of 1,2-dichloro-1,2-bis(dimethylamino) diborane(4) 54a[93-
95,289] 
 
YK111: Tetrakis(dimethylamino) diborane(4) 53 (67.6 g, 0.342 mol) is dissolved 
in pentane (150 mL). BCl3 (29 mL, 0.359 mol) is condensed in a cooled (−78°C) 
separate Schlenk tube and subsequently condensed to the cooled (−78°C) 
diborane(4) solution. The reaction mixture is allowed to reach room temperature 
and is stirred overnight. Removal of solvent and volatile components is followed 
by distillation (16 mbar, 82-85°C) with Vigreux column yielding 1,2-dichloro-1,2-
bis(dimethylamino) diborane(4) 54a as colorless liquid (53.2 g, 86%). 
1H NMR (300.13 MHz, CDCl3, 300 K, TMS):  = 2.86, 2.89 (each s, each 6H, 
N(CH3)2) ppm. 11B NMR (96.29 MHz, CDCl3, 300 K, BF3-Et2O):  = 37.6 (s) ppm  
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5.2.12 Synthesis of isolated monolithiated compounds 
General procedure: The corresponding Bromoarene or -heterocycle (201, 202, 
204, 206 or 208) (1 eq.) is dissolved in diethyl ether (ca. 2 mL/mmol) and cooled 
to −78°C in a cooling bath (iso-propanol/ liquid nitrogen). nButyl lithium solution 
in hexanes (2.38 M, 1.04 eq.) is added dropwise through a dropping funnel. The 
reaction mixture is stirred in the cooling bath for 5 minutes and is then allowed 
to reach room temperature. Removal of solvent and volatile species in vacuo is 
followed by filtration from hexane. The residue is washed with hexane twice and 
dried in vacuo. The desired lithium compounds 155, 203, 205, 207 and 209 are 
isolated and used without further purification. 
 
Data for YK112_2[258]: From 4-bromo-N,N-dimethylaniline (201) (9.20 g, 
46.0 mmol), nbutyl lithium solution in hexanes (20.0 mL, 2.38 M, 47.6 mmol, 
1.04 eq.). The desired (4-(dimethylamino)phenyl)lithium 155 is isolated with 
traces of hexane (8%) and diethyl ether (8%) (determined via 1H NMR 
spectroscopy) in quantitative yield (6.27 g, 96%). 
1H NMR (300.13 MHz, C6D6, 300 K, TMS): A few drops of thf-d8 is added to 
increase solubility of the product in C6D6.  = 8.33 (d, 3J = 8.0 Hz, 2H, PhH), 
6.96 (d, 3J = 8.1 Hz, 2H, PhH), 3.26 (q, 3J = 7.0 Hz, 0.8H, Et2O-CH2), 2.75 (s, 
6H, Ph-N(CH3)2), 1.22 (bs, 0.8H, Hex-CH2), 1.10 (t, 3J = 3.7 Hz, 0.6H, Et2O-
CH3), 0.87 (t, 3J = 6.5 Hz, 0.6H, Hex-CH3) ppm. 7Li NMR (116.64 MHz, C6D6, 
300 K, Li+ aq): A few drops of thf-d8 is added to increase solubility of the product 
in C6D6.  = 2.32 ppm. 
 
5. Experimental Section 
163 
 
Data for YK180: From 4’-bromo-N,N-dimethyl[1,1’-biphenyl]-4-amine (202) 
(536 mg, 1.94 mmol), nbutyl lithium solution in hexanes (0.82 mL, 2.5 M, 
2.03 mmol, 1.05 eq.). The desired 4’-(dimethylamino)-[1,1’-biphenyl]4-yl lithium 
203 is isolated in 79% yield (313 mg). 
1H NMR (300.13 MHz, thf-d8, 300 K, TMS):  = 7.76 (d, 3J = 7.6 Hz, 2H, Ar-CH), 
7.23 (d, 3J = 8.9 Hz, 2H, Ar-CH), 6.94 (d, 3J = 7.6 Hz, 2H, Ar-CH), 6.55 (d, 
3J = 8.9 Hz, 2H, Ar-CH), 2.72 (s, 6H, Ar-N(CH3)2) ppm. 7Li NMR (116.64 MHz, 
thf-d8, 300 K, Li+ aq):  = 1.47 ppm. 
 
 
Data for YK168[290]: From 4-bromothioanisole (204) (1.06 g, 5.22 mmol), nbutyl 
lithium solution in hexanes (2.2 mL, 2.5 M, 5.48 mmol, 1.05 eq.). The desired 4-
lithio-thioanisole 205 is isolated with traces of diethyl ether (14%) (determined 
via 1H NMR spectroscopy) in 83% yield (610 mg). 
1H NMR (300.13 MHz, C6D6, 300 K, TMS): A few drops of thf-d8 is added to 
increase solubility of the product in C6D6.  = 8.17 (d, 3J = 7.6 Hz, 2H, PhH), 
7.39 (d, 3J = 7.5 Hz, 2H, PhH), 3.26 (q, 3J = 7.0 Hz, 0.3H, Et2O-CH2), 2.31 (s, 
3H, Ph-SCH3), 1.08 (t, 3J = 3.7 Hz, 0.5H, Et2O-CH3) ppm. 7Li NMR 
(116.64 MHz, C6D6, 300 K, Li+ aq): A few drops of thf-d8 is added to increase 
solubility of the product in C6D6.  = 1.61 ppm. 
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Data for YK169: From (4’-bromo-[1,1’-biphenyl]-4-yl)(methyl)sulfane (206) 
(730 mg, 2.62 mmol), nbutyl lithium solution in hexanes (1.1 mL, 2.5 M, 
2.75 mmol, 1.05 eq.). The desired (4’-(methylthio)-[1,1’-biphenyl]-4-yl)lithium 
207 is isolated in 78% yield (422 mg). 
1H NMR (400.13 MHz, thf-d8, 300 K, TMS):  = 7.92 (d, 3J = 7.6 Hz, 2H, Ar-CH), 
7.48 (d, 3J = 8.6 Hz, 2H, Ar-CH), 7.22 (d, 3J = 8.5 Hz, 2H, Ar-CH), 7.09 (d, 
3J = 7.6 Hz, 2H, Ar-CH), 2.45 (s, 3H, Ar-SCH3) ppm. 7Li NMR (116.64 MHz, thf-
d8, 300 K, Li+ aq):  = −0.64 ppm. 
 
 
Data for YK170: From 2-bromothiophene (208) (0.48 mL, 4.96 mmol), nbutyl 
lithium solution in hexanes (2.1 mL, 2.5 M, 5.21 mmol, 1.05 eq.). The desired 2-
lithio-thiophene 209 is isolated with traces of diethyl ether (3%) (determined via 
1H NMR spectroscopy) in 54% yield (246 mg). 
1H NMR (300.13 MHz, C6D6, 300 K, TMS): A few drops of thf-d8 is added to 
increase solubility of the product in C6D6.  = 8.05 (d, 3J = 4.1 Hz, 1H), 7.74 (d, 
3J = 2.8 Hz, 1H), 7.65 (dd, 3J = 4.2, 3J = 4.2 Hz, 1H), 3.26 (q, 3J = 7.0 Hz, 0.1H, 
Et2O-CH2), 1.09 (t, 3J = 3.7 Hz, 0.2H, Et2O-CH3) ppm. 7Li NMR (116.64 MHz, 
C6D6, 300 K, Li+ aq): A few drops of thf-d8 is added to increase solubility of the 
product in C6D6.  = 1.68 ppm. 
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5.2.13 2-(Ethoxycarbonylamino-phenyl)-carbamic acid ethyl ester 212[291] 
 
YK151_4: A solution of ethyl chloroformate (22.4 mL, 235 mmol) in toluene (88 
mL) is added dropwise through a dropping funnel to a cold (0°C) solution of 1,2-
diaminobenzene (25.4 g, 235 mmol) in toluene (300 mL) and a white precipitate 
is formed immediately. The reaction mixture is stirred at room temperature for 
3 h, the precipitate is removed by filtration, and the toluene is removed under 
vacuum. The crude 212 is recrystallized from toluene at 5°C to give a solid in a 
final yield of 59% (17.6 g). 
1H NMR (300.13 MHz, CDCl3, 300 K, TMS) : 7.47 (br s, 2H, Ar-CH), 7.15-7.10 
(m, 2H, Ar-CH), 7.04 (br s, 2H, NH), 4.23 (q, 3J = 7.1 Hz, 4H, Et-CH2), 1.31 (t, 
3J = 7.1 Hz, 6H, Et-CH3).  
 
5.2.14 Synthesis of N,N’-dimethyl-1,2-diaminobenzene 213[291] 
 
YK147_5: 2-(Ethoxycarbonylamino-phenyl)-carbamic acid ethyl ester 212 
(16.8 g, 66.6 mmol) is dissolved in thf (ca. 160 mL), LiAlH4 (7.6 g, 200 mmol) is 
suspended in thf (175 mL) and cooled to 0°C. The carbamic acid ethyl ester 
solution is added dropwise through a dropping funnel to the cooled LiAlH4 
suspension. The reaction mixture is stirred at 0°C for 1 h and at rt overnight. 
The reaction mixture is refluxed for 6 h. Subsequently the mixture was cooled to 
0°C and then water (48 mL, slowly), NaOH 15% (48 mL) and water (144 mL) 
were added. The mixture was stirred overnight under argon atmosphere. The 
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white precipitate was filtered off and extracted with warm thf, and the volatiles 
were removed under vacuum to give green oil that was acidified with HCl 10% 
(200 mL). The aqueous solution was washed three times with dichloromethane 
(3x 200 mL). The aqueous solution was basified with NaOH 10% (180 mL) and 
extracted three times with dichloromethane (3x 300 mL). The organic phase 
was dried over anhydrous MgSO4 and the solvent was removed under vacuum 
to give redish solid of 213 in a final yield of 64% (5.85 g, 43.0 mmol). 
1H NMR (400.13 MHz, C6D6, 300 K, TMS)  = 7.00-6.95 (m, 2H, Ar-CH), 6.63-
6.59 (m, 2H, Ar-CH), 2.74 (br s, 2H, NH), 2.42 (s, 6H, NCH3) ppm. 
 
5.2.15 Synthesis of N,N’-dilithium dimethyl-1,2-diaminobenzene 165[292] 
 
YK148_2: N,N’-dimethyl-1,2-diaminobenzene (213) (6.26 g, 46.0 mmol, 1 eq.) 
is dissolved in Et2O (150 mL) and cooled in a -78°C cooling bath (iso-propanol/ 
liquid nitrogen) for 30 minutes. nButyl lithium solution in hexanes (39.0 mL, 
2.5 M, 96.5 mmol, 2.1 eq.) is added dropwise via dropping funnel. The reaction 
mixture is stirred in the cooling bath for 10 minutes and is then allowed to reach 
room temperature. Removal of solvent and volatile species in vacuo is followed 
by filtration from hexane. The residue is washed with hexane twice and dried in 
vacuo. The desired N,N’-dilithium dimethyl-1,2-diaminobenzene 165 is isolated 
with 0.72 diethyl ether (determined via 1H NMR spectroscopy) in quantitative 
yield. 
1H NMR (400.13 MHz, thf-d8, 300K, TMS):  = 5.94 - 5.90 (m, 2H, ArH), 5.48 – 
5.44 (m, 2H, ArH), 3.38 (q, 3J = 7.0 Hz, 2.83H, Et2O-CH2 (coord.)), 2.75 (s, 6H, 
Ar-NCH3), 1.11 (t, 3J = 7.0 Hz, 4.33H, Et2O-CH3) ppm. 7Li NMR (116.64 MHz, 
thf-d8, 300 K, Li+ aq):  = -0.82 ppm. 
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5.2.16 Synthesis of 1,2-diduryl-1,2-bis(dimethylamino)diborane(4) 55k[98,104]  
 
OA006: Lithium powder (5.70 g, 821 mmol) was suspended in diethyl ether 
(500 ml) at rt. The mixture was kept in an ultrasonic bath while a solution of 3-
bromodurene 195 (50.0 g, 235 mmol) in diethyl ether (80 ml) was added 
dropwise over 45 min. The resulting suspension was kept in the ultrasonic bath, 
heated to reflux for 2 h and then cooled to rt. After the dropwise addition of 1,2-
bis-(dimethylamino)-1,2-dichlorodiborane(4) 54a (19.0 ml, 20.5 g, 104 mmol) 
over 20 min, the mixture was refluxed for 2 h, cooled to rt and stirred for 18 h. 
The suspension was filtered and the filtrate was concentrated under reduced 
pressure. Hexane was added to the residue and the resulting suspension was 
filtered. Removal of the solvent of the filtrate under reduced pressure gave a 
pale yellow solid that was recrystallized from 300 ml ethanol. After washing with 
ice-cold ethanol, 1,2-diduryl-1,2-bis-dimethylamino-diborane 55k (33.1 g, 85 % 
yield) was obtained as colorless crystals. 
1H NMR (300 MHz, CDCl3, 300 K, TMS):  = 1.90 (s, 12H, Dur-CH3), 2.23 (s, 
12H, Dur-CH3), 2.64 (s, 6H, N(CH3)2), 3.06 (s, 6H, N(CH3)2), 6.94 (s, 2 H, Dur-
CH) ppm. 11B NMR (96 MHz, CDCl3, 300 K, BF3-OEt2):  = 50.8 ppm. 
 
5. Experimental Section 
168 
5.2.17 Synthesis of 1,2-diduryl-1,2-dimethoxydiborane(4) 65b[98,104] 
 
OA009: Diborane 55k (25.0 g, 66.5 mmol) was dissolved in diethyl ether (180 
ml) and methanol (abs., 75 ml) and the solution was cooled to −78 °C. HCl-Et2O 
(7.8 M, 88 ml, 686 mmol) was added dropwise at −78°C over 30 min. After 
completion of the addition, the mixture was allowed to slowly warm to rt. Stirring 
was continued for 18 h and the solvent was removed under vacuum. Crude 
diborane 65b was obtained as a colorless solid and divided into two equal parts 
for the conversion to the halogenated diboranes 64e and 64f. 
1H NMR (300 MHz, C6D6, 300 K, TMS):  = 2.09 (s, 12H, Dur-CH3), 2.11 (s, 
12H, Dur-CH3), 3.50 (s, 6H, OCH3), 6.85 (s, 2H, Dur-CH) ppm. 11B NMR (96 
MHz, C6D6, 300 K, BF3-OEt2):  = 59.0 (s) ppm. 
 
5.2.18 Synthesis of 1,2-dihalo-1,2-diduryldiboranes(4) 64e,f[98,104] 
 
OA010: Boron trichloride (11.0 ml, 15.7 g, 134 mmol) was condensed at –78 °C 
and added to a cooled (−78 °C) suspension of crude diborane 65b (33.3 mmol) 
in pentane (150 ml). The mixture was allowed to slowly warm to –10 °C and 
was stored at –26 °C overnight. After 18 h, the solvent and excess BCl3 were 
removed under vacuum and pentane (150 ml) was added to the residue. 
Filtration of the resulting suspension led to a yellow filtrate which was 
concentrated under vacuum. Colorless crystals of dichlorodiborane 64e (8.18 g, 
68 % yield) were obtained by storing the solution at –26 °C for several days. 
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1H NMR (300 MHz, C6D6, 300 K, TMS):  = 1.95 (s, 12H, Dur-CH3), 2.07 (s, 
12H, Dur-CH3), 6.80 (s, 2 H, Dur-CH) ppm. 11B NMR (96 MHz, C6D6, 300 K, 
BF3-OEt2):  = 83.7 (s) ppm. 
 
OA011: Boron tribromide (7.4 ml, 19.5 g, 77.6 mmol) was added to a cooled 
(−78°C) suspension of crude diborane 65b (33.3 mmol) in pentane (150 ml). 
The mixture was allowed to slowly warm to –10 °C and was stored at –26 °C 
overnight. After 18 h, the solvent and excess BBr3 were removed under vacuum 
and pentane (150 ml) was added to the residue. Filtration of the resulting 
suspension led to a yellow solution from which small yellow crystals were 
obtained after several minutes at rt. The mixture was stored at –26 °C for 
several days to complete crystallisation of dibromodiborane 64f (7.51 g, 53 % 
yield). 
1H NMR (300 MHz, C6D6, 300 K, TMS):  = 1.94 (s, 12H, Dur-CH3), 2.11 (s, 
12H, Dur-CH3), 6.80 (s, 2 H, Dur-CH) ppm. 11B NMR (96 MHz, C6D6, 300 K, 
BF3-OEt2):  = 86.6 (s) ppm. 
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5.3. Synthesis of various boryl benzamidinates 
5.3.1 Synthesis of (E)-N,N'-bis(2,6-diisopropylphenyl)-N-
(trimethylsilyl)benzimidamide 103[193] 
 
YK075_2: Bis(2,6-diisopropylphenyl)methanediimine (5.05 g, 13.9 mmol, 1 eq.) 
is dissolved in Et2O (100 mL) and cooled to 0°C. Phenyl lithium solution in 
dibutyl ether (1.9 M, 8.0 mL, 15.2 mmol, 1.1 eq.) is added dropwise via syringe. 
The reaction mixture is allowed to reach room temperature. Stirring is continued 
for 1 hour. Removal of solvents in vacuo is followed by washing with hexane 
(80 mL) and thorough drying. The washed benzamidinate 102 is dissolved in thf 
(90 mL) and trimethylsilyl chloride (2 mL, 1.71 g, 15.7 mmol, 1.13 eq.) is added 
dropwise via syringe. The reaction mixture is refluxed for 2 hours. Removal of 
solvents and volatile species in vacuo is followed by filtration from hexane. 
Reducing the filtrate volume gives a colorless solution from which 4.62 g (3 
batches, 65%) of silylamidinate 103 are obtained as colorless crystals. 
1H NMR (400.13 MHz, C6D6, 300 K, TMS):  = 7.00-6.95 (m, 8H, Ar-CH), 6.65 
(t, 3J = 7.4 Hz, 2H, Ph-CH), 6.55 (tt, 3J = 7.4 Hz, 4J = 1.2 Hz, 1H, Ph-CH), 3.55 
(sept, 3J = 6.9 Hz, 4H, Dip-CH(CH3)2), 1.29 (d, 3J = 6.7 Hz, 12H, Dip-CH(CH3)2), 
1.11 (bs, 12H, Dip-CH(CH3)2), 0.57 (bs, 9H, Si(CH3)3) ppm. 13C NMR{1H} 
(100.61 MHz, C6D6, 300 K, TMS):  = 161.8 (s, NCN), 147.1, 139.8 (each bs, 
each Dip-Cquart.), 133.9 (s, Ph-Cquart.), 129.1, 126.9 (each s, each Ph-CH), 123.7 
(bs, Dip-CH), 28.6 (s, Dip-CH(CH3)2), 25.8 (s, Dip-CH(CH3)), 23.4 (bs, Dip-
CH(CH3)), 1.8 (s, Si(CH3)3) ppm. 29Si NMR (79.50 MHz, C6D6, 300 K, TMS): 
 = 4.2 ppm. MP: >200°C (stable). IR (powder): (C=N & CAr=CAr) = 1607, 1599, 
1586, 1572 cm−1. Elemental Analysis: C34H48N2Si (512.86 g/mol); C 79.55 
(calc. 79.63); H 9.27 (calc. 9.43), N 5.36 (calc. 5.46) %. 
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5.3.2 Attempts to synthesize (E)-N-(dihaloboryl)-N,N'-bis(2,6-diisopropyl-
phenyl)benzimidamide 104a,b[27,30,33,34,37]  
 
YK079_3(Cl): Silylamidinate 103 (2.05 g, 4.00 mmol, 1 eq.) is dissolved in 
dichloromethane (30 mL) and an excess of BCl3 solution (1M in hexanes, 
27.0 mL, 27.0 mmol, 6.75 eq.) is added slowly at room temperature. The 
reaction mixture is stirred overnight. Removal of solvent and volatile 
components affords a white foam consisting of ca. 50% desired boron-
amidinate-complex 104a (determined via 1H NMR spectroscopy). Purification by 
crystallization is not successful. 
Note: Analytical Data of the main product 104a in Section 5.3.3. 
 
 
YK077_3(Br): The Schlenk flask is covered by aluminum foil to protect the 
reaction mixture from light. Silylamidinate 103 (274 mg, 0.534 mmol, 1 eq.) is 
dissolved in dichloromethane (5 mL) and an excess of BBr3 solution (1M in 
hexanes, 4.3 mL, 4.30 mmol, 8.05 eq.) is added slowly at room temperature. 
The reaction mixture is stirred overnight. Removal of solvent and volatile 
components affords a purple colored slime covering a colorless foam. NMR 
spectroscopic analysis revealed the lack of desired 104b and only an 
unidentified product mixture. 
Note: 1H NMR data were due to signal overlaps beyond interpretation. 
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11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 1.3, 1.1, −10.7 ppm. 
 
 
YK084(Cl): Bis(2,6-diisopropylphenyl)methanediimine (101) (250 mg, 
0.690 mmol, 1 eq.) is dissolved in Et2O (5 mL) and cooled to 0°C. Phenyl lithium 
solution in dibutyl ether (1.9 M , 0.38 mL, 0.722 mmol, 1.05 eq.) is added 
dropwise via syringe. The reaction mixture is allowed to reach room 
temperature. Stirring is continued for 1 hour. Removal of solvents in vacuo is 
followed by washing with hexane (4 mL) and thorough drying. The intermediate 
102 is suspended in toluene and BCl3 solution (1M in hexanes, 0.83 mL, 
0.830 mmol, 1.2 eq.) is added dropwise via syringe. Stirring is continued for 
1 hour. Removal of solvent and volatile species in vacuo is followed by filtration 
from dichloromethane. 1H NMR spectrum of the filtrate shows 55% of the 
desired boron-amidinate-complex 104a.  
Note: Analytical Data of the main product 104a in Section 5.3.3. 
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YK086_2(Cl): Amidine 105 (2.07 g, 4.64 mmol, 1 eq.) is dissolved in toluene 
(30 mL) and cooled to −78°C (isopropanol/ liquid nitrogen). nButyl lithium 
solution in hexanes (2.37 M, 2.1 mL, 4.98 mmol, 1.07 eq.) is added dropwise 
via syringe. The reaction mixture is stirred in the cooling bath for 1 hour and 
then allowed to reach room temperature. Stirring is continued for 1 hour. The 
reaction mixture is cooled to 0°C and BCl3 solution (1M in hexanes, 5.2 mL, 
5.20 mmol, 1.1 eq.) is added. The reaction mixture is allowed to reach room 
temperature and stirring is continued for 30 minutes. Removal of solvent and 
volatile components is followed by filtration from toluene and washing with 
hexane. Thorough drying affords 705 mg amidinate complex 104a as colorless 
powder containing ca. 15% impurities (determined via 1H NMR spectroscopy). 
Note: Analytical Data of the main product 104a in Section 5.3.3. 
 
YK088(Br): Amidine 105 (1.92 g, 4.36 mmol, 1 eq.) is dissolved in toluene 
(50 mL) and cooled to −78°C (isopropanol/ liquid nitrogen). nButyl lithium 
solution in hexanes (2.5 M, 2.0 mL, 5.00 mmol, 1.15 eq.) is added dropwise via 
syringe. The reaction mixture is stirred in the cooling bath for 1 hour and is then 
allowed to reach room temperature. Stirring is continued for 1 hour. The 
Schlenk flask is covered with aluminum foil. The reaction mixture is cooled to 
0°C and BBr3 solution (1 M in hexanes, 5.5 mL, 5.50 mmol, 1.3 eq.) is added. 
The reaction mixture is allowed to reach room temperature and stirring is 
continued for 30 minutes. Removal of solvent and volatile components is 
followed by filtration from toluene. Thorough drying affords desired amidinate 
complex 104b as colorless powder containing ca. 14% impurities (determined 
via 1H NMR spectroscopy). 
Note: The following NMR data is limited to signals of the main product 104b. 
1H NMR (300.13 MHz, C6D6, 300 K, TMS): 7.34 (tt, 3J = 7.2 Hz, 4J = 1.6 Hz, 1H, 
Ph-CH), 7.27-7.06 (m, 13H, Ar-CH, tol-CH, C6D6−Hx), 3.47 (sept, 3J = 6.8 Hz, 
4H, Dip-CH(CH3)2), 1.26 (d, 3J = 6.7 Hz, 12H, Dip-CH(CH3)2), 0.71 (d, 
3J = 6.8 Hz, 12H, Dip-CH(CH3)2) ppm. 11B NMR (96.29 MHz, C6D6, 343 K, BF3-
Et2O):  = 1.3 (s) ppm. 
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5.3.3 Synthesis of (E)-N-(dichloroboryl)-N,N'-bis(2,6-diisopropylphenyl)-
benzimidamide 104a  
 
YK108_6: Previously isolated lithium amidinate 102 (1.01 g, 2.26 mmol, 1 eq.) 
is suspended in benzene (60 mL). BCl3 solution (1.1 M in hexane, 2.2 mL, 
2.42 mmol, 1.1 eq.) is added and stirring is continued for 30 minutes. Filtration 
is followed by removal of solvent and volatile components and washing with 
hexane (3x 10 mL). Thorough drying affords 480 mg (41%) amidinate complex 
104a as colorless powder containing ca. 12% unidentified impurities 
(determined via 1H NMR spectrum). The product is used without further 
purification. Single crystals suitable for x-ray diffraction could be grown from a 
concentrated dichloromethane solution at 5°C. 
Note: the following NMR data is limited to signals of the main product 104a. 
1H NMR (300.13 MHz, C6D6, 300 K, TMS):  = 7.27 (dd, 3J = 8.4 Hz, 
4J = 1.2 Hz, 2H, Ph-CH), 7.15-7.06 (m, 6H, Ar-CH), 6.71 (tt, 3J = 7.5 Hz, 
4J = 0.6 Hz, 1H, Ph-CH), 6.52-6.47 (m, 2H, Ph-CH), 3.83 (sept, 3J = 6.8 Hz, 4H, 
Dip-CH(CH3)2), 1.40 (d, 3J = 6.7 Hz, 12H, Dip-CH(CH3)2), 0.87 (d, 3J = 6.9 Hz, 
12H, Dip-CH(CH3)2) ppm. 11B NMR (96.29 MHz, C6D6, 343 K, BF3-Et2O): 
 = 9.9 (s) ppm. 13C NMR{1H} (100.61 MHz, C6D6, 300 K, TMS):  = 173.3 (br q, 
JC-B = 8.8 Hz, NCN), 146.7 (s, Dip-Ar-Cquart.N), 133.7 (Ph-CH), 133.2 (s, Dip-Ar-
Cquart.), 130.6, 129.0 (each s, each Ph-CH), 128.8 (s, Dip-Ar-CH), 125.2 (br s, 
Ph-Cquart.) 125.0 (s, Dip-Ar-CH), 29.2 (s, Dip-CH(CH3)2), 25.7, 23.6 (each s, 
each Dip-CH(CH3)2)ppm. Elemental Analysis: C31H39BCl2N2 (521.38 g/mol); C 
71.00 (calc. 71.41); H 7.44 (calc. 7.54), N 5.75 (calc. 5.37) %. MP: 198-203°C 
(stable). 
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5.3.4 Synthesis of (E)-N,N’-di-tert-butyl-N-(dichloro-boryl)benzimidamide 
119 
 
YK216_2: Di-tert-butylmethanediimine (117) (1.5 mL, 7.78 mmol, 1 eq.) is 
dissolved in Et2O (ca. 120 mL) and cooled to 0°C. Phenyl lithium solution in thf 
(1.9 M in Bu2O, 4.2 mL, 7.98 mmol, 1.03 eq.) is added dropwise via syringe. 
The reaction mixture is stirred at 0°C for 10 minutes and is then allowed to 
reach room temperature. Removal of solvents and volatile components affords 
the intermediate lithium benzamidinate 118, which is used without further 
purification. 
1H NMR (300.13 MHz, C6D6, 300 K, TMS): A few drops of thf-d8 is added to 
increase solubility of the product in C6D6.  = 7.44 (br d, 3J = 7.2 Hz, 2H, Ph-
CH), 7.18-7.08 (m, 3H, Ph-CH), 3.29 (t, 3J = 6.4 Hz, 2.9H, OBu-CH2), 1.58-1.49 
(m, 3.1H, OBu-CH2), 1.44-1.31 (m, 3.4H, OBu-CH2), 1.23 (s, 18H, tBu-CH3), 
0.88 (t, 3J = 7.3 Hz, 4.4H, OBu-CH3) ppm. 7Li NMR (116.64 MHz, C6D6, 300 K, 
Li+ aq): A few drops of thf-d8 is added to increase solubility of the product in 
C6D6.  = 1.6 (s) ppm. 
YK218_2: Lithium benzamidinate 118 (7.78 mmol from YK216_2), is suspended 
in toluene (ca. 120 mL). The reaction mixture is cooled to 0°C and BCl3 solution 
(1.1 M in hexanes, 7.8 mL, 8.56 mmol, 1.1 eq.) is added. The reaction mixture 
is allowed to reach room temperature. Removal of solvents and volatile 
components is followed by filtration from toluene. Reducing the filtrate volume 
gives a yellow solution from which 1.26 g (52%) of 119 are obtained as 
colorless crystals at −26°C. Single crystals suitable for x-ray diffraction could be 
grown from a concentrated dichloromethane solution at 5°C. 
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1H NMR (400.13 MHz, C6D6, 300 K, TMS):  = 6.97-6.83 (m, 5H, Ph-CH), 1.19 
(s, 18H, tBu-CH3) ppm. 11B NMR (96.29 MHz, C6D6, 343 K, BF3-Et2O):  = 6.1 
(s) ppm. 13C NMR{1H} (100.61 MHz, C6D6, 300 K, TMS):  = 174.2 (q, JC-
B = 8.3 Hz, NCN), 130.3 (q, JC-B = 7.1 Hz, Ph-Cquart.), 130.6, 128.4, 127.8 (each 
s, each Ph-CH), 54.6 (s, tBu-C(CH3)3), 30.6 (s, tBu-C(CH3)3) ppm. Elemental 
Analysis: C15H23BCl2N2 (313.07 g/mol); C 58.19 (calc. 57.55); H 7.51 (calc. 
7.41), N 9.12 (calc. 8.95) %. MP: >200°C (stable). 
 
5.3.5 Synthesis of (E)-N-(dichloroboryl)-N,N'-bis(2,6-diisopropylphenyl)-4-
(dimethylamino)benzimidamide 121 
 
YK135: Bis(2,6-diisopropylphenyl)methanediimine (101) (494 mg, 1.36 mmol, 
1 eq.) is dissolved in Et2O (5 mL) and cooled to 0°C. A solution of 4-
(dimethylamino)phenyl lithium (161 mg, 1.21mmol, 0.9 eq.) in Et2O (5 mL) is 
added dropwise via syringe. The reaction mixture is allowed to reach room 
temperature. Stirring is continued for 30 minutes. Removal of solvents in vacuo 
is followed by washing with hexane and thorough drying. The targeted lithium 
amidinate 120 is isolated with 29% yield (193 mg) and used without further 
purification. 
1H NMR (300.13 MHz, C6D6, 300 K, TMS): A few drops of thf-d8 is added to 
increase solubility of the product in C6D6.  =  7.18 (d, 3J = 7.2 Hz, 4H, Ar-CH), 
7.13 (d, 3J = 8.9 Hz, 2H, aniline-Ar-CH), 7.04 (dd, 3J = 8.2 Hz, 3J = 8.2 Hz, 2H, 
Ar-CH), 6.21 (d, 3J = 8.9 Hz, 2H; aniline-Ar-CH) 3.83 (sept, 3J = 6.9 Hz, 4H, Dip-
CH(CH3)2), 2.25 (s, 6H, N(CH3)2), 1.31 (d, 3J = 6.9 Hz, 12H, Dip-CH(CH3)2), 
1.15 (d, 3J = 6.9 Hz, 12H, Dip-CH(CH3)2) ppm. 7Li NMR (116.64 MHz, C6D6, 
300 K, Li+ aq): A few drops of thf-d8 is added to increase solubility of the product 
in C6D6.  = 1.6 (s) ppm. 
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YK136: Previously synthesized lithium amidinate 120 (187 mg, 0.382 mmol, 1 
eq.) is suspended in toluene (5 mL). The reaction mixture is cooled to 0°C and 
BCl3 solution (1.1 M in hexanes, 0.4 mL, 0.44 mmol, 1.15 eq.) is added. The 
reaction mixture is allowed to reach room temperature and stirring is continued 
overnight. Solvent and volatile components are removed to afford a white 
powder consisting of 55% desired amidinate boron compound 121 (determined 
via 1H NMR spectrum). 
Note: The following NMR data is limited to signals of the main product 121. 
1H NMR (300.13 MHz, C6D6, 300 K, TMS):  = 7.25-6.84 (m, integral not 
defined due to signal overlaps, Ar-CH), 5.75 (d, 3J = 9.2 Hz, 2H, aniline-Ar-CH), 
4.05 (sept, 3J = 6.8 Hz, 4H, Dip-CH(CH3)2), 1.96 (s, 6H, N(CH3)2), 1.48 (d, 
3J = 6.7 Hz, 12H, Dip-CH(CH3)2), 1.07 (d, 3J = 6.9 Hz, 12H, Dip-CH(CH3)2) ppm. 
11B NMR (96.29 MHz, C6D6, 343 K, BF3-Et2O):  = 9.78 (s) ppm. 
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5.3.6 Synthesis of (E)-N-(dichloroboryl)-N,N'-bis(2,6-diisopropylphenyl)-
2,3,4,5,6-pentafluorobenzimidamide 124 
 
YK191: Bromopentafluorobenzene (degassed, 0.18 mL, 1.44 mmol, 1.04 eq.) is 
dissolved in Et2O (5 mL) and cooled to −100°C (ethanol/ liquid nitrogen) before 
nButyl lithium solution (2.5 M in hexanes, 0.61 mL, 1.53 mmol, 1.1 eq.) is added. 
Stirring is continued for 30 minutes at −100°C. Carbodiimine 101 (500 mg, 
1.38 mmol, 1 eq.) is dissolved in Et2O (9 mL) and cooled to −80°C (ethanol/ 
liquid nitrogen). The carbodiimine solution is transferred via cannula to the 
anion solution and the reaction mixture is allowed to warm slowly to 11°C. After 
stirring another 15 minutes at room temperature solvent and volatile species are 
removed in vacuo. The targeted lithium amidinate 123 coordinated by 0.8 eq. 
Et2O is obtained in quantitative yield and used without further purification. 
1H NMR (300.13 MHz, C6D6, 300 K, TMS): A few drops of thf-d8 is added to 
increase solubility of the product in C6D6.  =  7.02 (d, 3J = 7.0 Hz, 4H, Ar-CH), 
6.90 (t, 3J = 6.9 Hz, 2H, Ar-CH), 3.63 (sept, 3J = 6.8 Hz, 4H, Dip-CH(CH3)2), 
3.25 (q, 3J = 7.0 Hz, 3.25H, coord. Et2O-CH2), 1.17 (d, 3J = 6.9 Hz, 12H, Dip-
CH(CH3)2), 1.11 (d, 3J = 6.4 Hz, 12H, Dip-CH(CH3)2), 1.08 (t, 3J = 6.6 Hz, 4.9H, 
coord. Et2O-CH3) ppm. 7Li NMR (116.64 MHz, C6D6, 300 K, Li+ aq): A few drops 
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of thf-d8 is added to increase solubility of the product in C6D6.  = 1.5 (s) ppm. 
19F NMR (282.40 MHz, C6D6, 300 K, CFCl3):  = −134.0 (d, 3J = 19 Hz, 2F, 




YK192: Previously isolated lithium amidinate 123 (674 mg, 1.13 mmol, 1 eq.) is 
suspended in hexane (15 mL). The reaction mixture is cooled to 0°C and BCl3 
solution (1.1 M in hexanes, 1.08 mL, 1.19 mmol, 1.05 eq.) is added. The 
reaction mixture is allowed to reach room temperature and stirring is continued 
for 30 minutes. Removal of solvent and volatile components is followed by 
filtration from dichloromethane. Single crystals of amidinate 124 could be 
obtained from a concentrated dichloromethane solution at 5°C in 15% yield 
(105 mg). 
1H NMR (300.13 MHz, C6D6, 300 K, TMS):  = 7.09-6.98 (m, 6H, Ar-CH), 3.64 
(sept, 3J = 6.7 Hz, 4H, Dip-CH(CH3)2), 1.39 (d, 3J = 6.6 Hz, 12H, Dip-CH(CH3)2), 
0.99 (d, 3J = 6.8 Hz, 12H, Dip-CH(CH3)2) ppm. 11B NMR (96.29 MHz, C6D6, 343 
K, BF3-Et2O):  = 10.8 (s) ppm. 19F NMR (282.40 MHz, C6D6, 300 K, CFCl3):  = 
−134.32 (dm, 3J = 20 Hz, 2F, F5Ph-oF), −143.15 (tt, 3J = 22 Hz, 4J = 6 Hz, 1F, 
F5Ph-pF), −157.55 - −157.77 (m, 2F, F5Ph-mF) ppm. 13C NMR{1H} (75.47 MHz, 
C6D6, 300 K, TMS):  = 163.5 (br d, JC-B = 5.7 Hz, NCN), 147.0 (s, Dip-Ar-
Cquart.), 145.6 (dm, JC-F = 261.6 Hz, Ph-CF), 142.8 (the expected second 
doublet-signal could not be found, Ph-CF), 138.2 (dm, JC-F = 259.7 Hz, Ph-CF), 
131.4 (s, Dip-Ar-Cquart.N), 129.2 (s, Dip-Ar-CH), 124.8 (s, Dip-Ar-CH), 102.2 (br 
s, F5Ph-Cquart.), 29.1 (s, Dip-CH(CH3)2), 26.7, 23.5 (each s, each Dip-CH(CH3)) 
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ppm. MP: >200°C (stable). Elemental Analysis: C31H34BCl2F5N2 (611.33 
g/mol); C 58.46 (calc. 60.91); H 5.63 (calc. 5.61), N 4.43 (calc. 4.58) %. 
 
5.3.7 Synthesis of (E)-N-(chloro(phenyl)boryl)-N,N'-bis(2,6-diisopropyl-
phenyl)benzimidamide 126 
 
YK222: Previously isolated lithium amidinate 102 (471 mg, 1.06 mmol, 1 eq.) is 
suspended in toluene (20 mL) and cooled to 0°C. Dichlorophenyl borane (125) 
(0.15 mL, 1.16 mmol, 1.1 eq.) is added and stirring is continued for 30 minutes. 
The reaction mixture is allowed to reach room temperature. Removal of solvent 
and volatile components is followed by filtration from toluene. Single crystals of 
amidinate complex 126 are obtained from a concentrated toluene solution at 
5°C in 42% yield (251 mg). 
1H NMR (300.13 MHz, C6D6, 300 K, TMS):  =  7.86 (dd, 3J = 8.0 Hz, 
4J = 1.8 Hz, 2H, Ph-CH), 7.32 (dd, 3J = 8.4 Hz, 4J = 1.3 Hz, 2H, Ph-CH), 7.16-
7.06 (m, 10H, Ar-CH+C6D6-Hx), 6.69 (tt, 3J = 7.5 Hz, 4J = 1.3 Hz, 1H, Ph-CH), 
6.53 (t, 3J = 8.0 Hz, 2H, Ph-CH), 3.84 (br s, 4H, Dip-CH(CH3)2), 1.25 (br s, 12H, 
Dip-CH(CH3)), 0.82 (d, 3J = 6.5 Hz, 12H, Dip-CH(CH3)) ppm. 11B NMR (96.29 
MHz, C6D6, 343 K, BF3-Et2O):  = 12.6 (br s) ppm. 13C NMR{1H} (100.61 MHz, 
C6D6, 300 K, TMS):  = 172.2 (s, NCN), 145.9 (br s, Dip-ArCquart.), 134.9 (s, Ph-
Cquart.), 132.8, 132.4, 130.2, 128.4 (each s, each Ph-CH), 127.8 (s, Dip-ArCH), 
127.5 (s, Ph-CH.), 127.1 (s, Dip-ArCquart.), 126.3 (s, Ph-Cquart.), 124.7 (Dip-
ArCH), 28.7 (s, Dip-CH(CH3)2), 25.2 (br s, Dip-CH(CH3)2), 23.4 (s, Dip-
CH(CH3)2) ppm. Elemental Analysis: C37H44BClN2 (563.03 g/mol); C 78.95 
(calc. 78.93); H 7.86 (calc. 7.88), N 4.93 (calc. 4.98) %. MP: >200°C (stable).
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5.3.8 Synthesis of (E)-N-(chloro(cyclohexyl)boryl)-N,N'-bis(2,6-
diisopropylphenyl)benzimidamide 128 
 
YK208_2: Previously isolated lithium amidinate 102 (812 mg, 1.82 mmol, 1 eq.) 
is suspended in toluene (50 mL) and cooled to 0°C. Dichlorocyclohexyl borane 
(127) (0.28 mL, 1.91 mmol, 1.05 eq.) is added and stirring is continued for 
30 minutes. The reaction mixture is allowed to reach room temperature. 
Removal of solvent and volatile components is followed by filtration from 
toluene. Single crystals of benzamidinate complex 128 are obtained from a 
concentrated toluene solution at −26°C in 51% yield (523 mg). 
1H NMR (300.13 MHz, C6D6, 300 K, TMS):  = 7.27-7.24 (m, 2H, Ar-CH), 7.12-
7.05 (m, 6H, Ar-CH), 6.68 (tt, 3J = 7.5 Hz, 4J = 1.7 Hz, 1H, Ar-CH), 6.55-6.50 
(m, 2H, Ar-CH), 3.85 (br s, 4H, Dip-CH(CH3)2), 1.70-1.62 (m, 7H, chexyl-CH), 
1.42 (br s, 12H, Dip- CH(CH3)2), 1.33 (d, 3J = 6.7 Hz, 4H, chexyl-CH), 0.90 (d, 
3J = 6.8 Hz, 12H, Dip- CH(CH3)2) ppm. 11B NMR (96.29 MHz, C6D6, 343 K, BF3-
Et2O):  = 14.0 (br s) ppm. 13C NMR{1H} (75.47 MHz, C6D6, 300 K, TMS): 
 = 170.5 (s, NCN), 146.0, 136.0 (each s, each Ar-Cquart.), 132.6, 130.4, 128.5 
(each s, each Ph-CH), 128.1 (s, Ar-CH), 126.4 (s, Ph-Cquart.), 124.9 (s, Ar-CH), 
32.7 (br s, cHex-CH-B), 29.2 (s, Dip-CH(CH3)2), 28.9, 28.1, 27.6 (each s, each 
cHex-CH), 25.0, 24.0 (each s, each Dip-CH(CH3)2) ppm. Elemental Analysis: 
C37H50BClN2 (569.08 g/mol); C 77.80 (calc. 78.09); H 8.62 (calc. 8.86), N 5.10 
(calc. 4.92) %. MP: 208-215°C. 
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5.3.9 Synthesis of (E)-N-(chloro(dimethylamino)boryl)-N,N'-bis(2,6-
diisopropylphenyl)benzimidamide 130 
 
YK198_3: Previously isolated lithium amidinate 102 (971 mg, 2.17 mmol, 1 eq.) 
is suspended in toluene (40 mL). The reaction mixture is cooled to 0°C and 
dimethylaminodichloro borane (0.26 mL, 2.29 mmol, 1.06 eq.) is added. The 
reaction mixture is allowed to reach room temperature and stirring is continued 
for 30 minutes. Removal of solvent and volatile components is followed by 
filtration from hexane. Reducing the filtrate volume gives a pale yellow solution 
from which 801 mg (70%) of boryl amidinate 130 are obtained as colorless 
crystals at 5°C. 
1H NMR (400.13 MHz, C6D6, 300 K, TMS):  = 7.49-7.48 (m, 2H, Ph-CH), 7.14 
(s, 6H, Ar-CH), 6.80-6.79 (m, 3H, Ph-CH), 3.49 (bs, 4H, Dip-CH(CH3)2), 2.38 (s, 
6H, N(CH3)2), 1.27, 1.10 (each bs, altogether 24H, Dip-CH(CH3)2) ppm. 11B 
NMR (128.29 MHz, C6D6, 343 K, BF3-Et2O):  = 29.4 (bs) ppm. 13C NMR{1H} 
(100.61 MHz, C6D6, 300 K, TMS):  = 157.7 (s, NCN), 141.9 (br s, Dip-Ar-
Cquart.), 134.8 (Ph-Cquart.), 130.2, 129.6, 127.8 (s, Ph-CH), 125.8 (br s, Dip-Ar-
Cquart.), 124.3 (s, Dip-Ar-CH), 39.9 (s, N(CH3)2), 28.6 (br s, Dip-CH(CH3)), 25.3, 
24.1 (each s, each Dip-CH(CH3)2) ppm. MP: 137-141°C (stable). IR (powder): 
(C=N) = 1613 cm−1. Elemental Analysis: C33H45BClN3 (530.00 g/mol); C 
74.51 (calc. 74.78); H 8.45 (calc. 8.56), N 7.97 (calc. 7.93) %. 
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5.3.10 Synthesis of (E)-N,N'-di-tert-butyl-N-(chloro(dimethylamino)-
boryl)benzimidamide 131 
 
YK226: Di-tert-butylmethanediimine (117) (0.5 mL, 2.59 mmol, 1 eq.) is 
dissolved in Et2O (ca. 30 mL) and cooled to 0°C. Phenyl lithium solution in thf 
(1.9 M in Bu2O, 1.4 mL, 2.66 mmol, 1.03 eq.) is added dropwise via syringe. 
The reaction mixture is stirred at 0°C for 1 hour and is then allowed to reach 
room temperature. The reaction mixture is cooled to 0°C and 
dichlorodimethylamino borane is added dropwise via syringe. The reaction 
mixture is stirred at 0°C for 5 minutes and is then allowed to reach room 
temperature again. Removal of solvent is followed by filtration from hexane. 
Single crystals of benzamidinate complex 131 could be obtained from a 
concentrated hexane solution in poor yield (128 mg,15%). 
1H NMR (300.13 MHz, C6D6, 300 K, TMS): 7.05-6.89 (m, 5H, Ph-CH), 2.79 (s, 
6H, N(CH3)2), 1.14 (s, 18H, tBu-CH3) ppm. 11B NMR (96.3 MHz, C6D6, 343 K, 
BF3-Et2O):  = 8.3 (br s) ppm. 13C NMR{1H} (96.3 MHz, C6D6, 300 K, TMS): 
 = 171.2 (s, NCN), 132.5 (s, Ph-Cquart.), 129.7, 128.6, 128.2, 127.9 (each s, 
each Ph-CH), 52.2 (s, -N(CH3)2), 39.0 (s, -C(CH3)3), 30.8 (s, -C(CH3)3) ppm. 
MP: 98-101°C (stable). Elemental Analysis: C17H29BClN3 (321.70 g/mol); C 
63.01 (calc. 63.47); H 8.81 (calc. 9.09), N 12.89 (calc. 13.06) %. 
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5.4. Reduction attempts of (E)-N-(dihaloboryl)-N,N'-bis(2,6-
diisopropylphenyl)benzimidamide 104a,b 
 
YK110: Dichloroboryl benzamidinate 104a (72 mg, 0.139 mmol, 1 eq.) and 
Jones Magnesium [{(DipNacnac)Mg}2][201] (100 mg, 0.140 mmol, 1 eq.) were 
separately suspended in Et2O (each 1.5 mL) and cooled to −70°C. The reducing 
agent suspension is transferred to the benzamidinate suspension. The reaction 
mixture is allowed to reach room temperature and is stirred overnight. 11B NMR 
analysis shows solely educt. 
Note: 1H NMR data were due to signal overlaps beyond interpretation. 
11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 10.0 (starting material) ppm. 
 
YK093: Dibromoboryl benzamidine 104b (100 mg, 0.164 mmol, 1 eq.) is 
dissolved in toluene (1.4 mL) and disodium tetracarbonylferrat (56.7 mg, 
0.164 mmol, 1 eq.) is suspended in toluene (2.4 mL) and cooled in an ice bath. 
The benzamidinat 104b solution is added dropwise via syringe to the 
suspension. The reaction mixture is stirred for 15 min at 0°C and 40 min at 
room temperature. NMR analysis showed no reaction. Dme (2 mL) is added 
and the reaction mixture is stirred overnight. An NMR sample showed low 
conversion. After 5 days stirring at room temperature all volatiles are removed 
and the reaction mixture is filtered from toluene. Analysis of the extract showed 
a mixture of products in the 1H NMR spectrum and no signal in the 11B NMR 
spectrum. 
Note: 1H NMR data were due to signal broadening and overlaps beyond 
interpretation and no signal was detected in the 11B NMR. 
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YK096: Dibromoboryl benzamidine 104b (200 mg, 0.328 mmol, 1 eq.) is 
dissolved in thf (10 mL) and disodium tetracarbonylferrat (250 mg, 0.723 mmol, 
2.2 eq.) is suspended in thf (10 mL) and cooled to −78°C. The benzamidinat 
104b solution is added dropwise via syringe to the suspension. The reaction 
mixture is slowly warmed to room temperature overnight. An NMR sample 
showed low conversion. After 8 days stirring at room temperature all volatiles 
are removed and the reaction mixture is filtered from toluene. Analysis of the 
extract showed a mixture of products in the 1H NMR spectrum and only educt 
signal in the 11B NMR spectrum. 
11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 1.9 (s, starting material) 
ppm. 
 
YK099: Dichloroboryl benzamidine 104a (200 mg, 0.346 mmol, 1 eq.) is 
dissolved in thf (5 mL) and disodium tetracarbonylferrat (180 mg, 0.519 mmol, 
1.5 eq.) is suspended in thf (15 mL) and both are cooled to −78°C. The 
benzamidinat 104a solution is added via cannula to the suspension. The 
reaction mixture is slowly warmed to room temperature over 2 h. An NMR 
sample showed low conversion. After 3 days stirring at room temperature all 
volatiles are removed and the reaction mixture is filtered from toluene. Analysis 
of the extract showed a mixture of products in the 1H NMR spectrum and only 
educt signal in the 11B NMR spectrum. 
Note: 1H NMR data were due to signal broadening and overlaps beyond 
interpretation. 
11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 10.0 (s, starting material) 
ppm. 
 
YK091: Dibromoboryl benzamidine 104b (200 mg, 0.328 mmol, 1 eq.) and 
naphthalene (1.6 mg, 0.013 mmol, 0.04 eq.) are dissolved in dme. The solution 
and a flask charged with lithium powder (5.0 mg, 0.722 mmol, 2.2 eq.) are 
cooled to −78°C. The solution is cannulated to the lithium powder and is slowly 
allowed to warm to room temperature over 2 h and stirred overnight. Removal 
of solvents and volatiles is followed by filtration from toluene. NMR analysis of 
5. Experimental Section 
186 
the extract showed a mixture of products and starting material in the 1H NMR 
spectrum and only starting material in the 11B NMR spectrum. 
Note: 1H NMR data were due to signal overlaps beyond interpretation. 
11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 1.9 (s, starting material) 
ppm. 
 
YK095: Dibromoboryl benzamidinate 104b (118 mg, 0.193 mmol, 1 eq.) is 
dissolved in dme (1 mL) and cooled to −78°C. An overnight prepared lithium 
naphthalenide solution (0.5 M) in dme (0.85 mL, 0.425 mmol, 2.2 eq.) is added 
dropwise via syringe. The reaction mixture is allowed to warm to room 
temperature. All solvents and volatiles are removed. NMR analysis showed a 
mixture of products in the 1H NMR spectrum and only educt signal in the 11B 
NMR spectrum. 
Note: 1H NMR data were due to signal broadening and overlaps beyond 
interpretation. 
11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 10.0 (s, starting material) 
ppm. 
 
YK089: Dibromoboryl benzamidine 104b (226 mg, 0.370 mmol, 1 eq.) and 
potassium graphite (199 mg, 1.47 mmol, 4.0 eq.) are mixed as solids and 
benzene (3 mL) is added while cooling the reaction mixture in an ice bath. 
Cooling is removed the reaction mixture is stirred at room temperature. No 
reaction is observed after 1 h, so dme (3 mL) is added. After 2 h the color 
turned brown-red and no starting material is detected by 1H NMR spectroscopy. 
Removal of all solvents and volatiles is followed by filtration from toluene. NMR 
analysis of the extract showed a mixture of products in the 1H NMR spectrum 
and one broad signal in the 11B NMR spectrum. 
Note: 1H NMR data were due to signal overlaps beyond interpretation. 
11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 1.4 ppm. 
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YK090: Dibromoboryl benzamidine 104b (200 mg, 0.328 mmol, 1 eq.) and 
naphthalene (4.0 mg, 0.031 mmol, 0.1 eq.) are dissolved in dme. The solution 
and a flask charged with lithium powder (48.0 mg, 6.92 mmol, 21 eq.) are 
cooled to −78°C. The solution is cannulated to the lithium powder and is slowly 
allowed to warm to room temperature overnight. Removal of solvents and 
volatiles is followed by filtration from toluene. NMR analysis of the extract 
showed a mixture of products in the 1H NMR spectrum and no signal in the 11B 
NMR spectrum. 
Note: 1H NMR data were due to signal overlaps beyond interpretation and no 
signal was detected in the 11B NMR. 
 
YK097/101: Lithium powder (23 mg, 3.31 mmol, 10 eq./ 27 mg, 3.89 mmol, 
10 eq.) and naphthalene (42.0 mg, 0.328 mmol, 1 eq./ 49.0 mg, 0.382 mmol, 
1 eq.) were stirred overnight in dme (0.8 mL/ 1.5 mL). Dihaloboryl 
benzamidinate 104a,b (each 200 mg, 0.328 mmol/0.384 mmol, 1 eq.) is 
dissolved in dme (2 mL/1.5 mL) and both solutions are cooled to −78°C. 
Benzamidinate 104a,b solution is transferred via cannula to the reducing agent. 
The reaction mixture is slowly allowed to reach room temperature followed by 
removal of solvents and all volatiles. NMR analyses showed a mixture of 
products. 
Note: 1H NMR data were due to signal broadening and overlaps beyond 
interpretation. 
11B NMR (YK097) (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 32.3, −6.9, −14.9, 
−26.1 ppm. 
11B NMR (YK101) (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 32.0, −9.6, −15.4, 
−26.8 ppm. 
 
YK103/104/105/103_2: Lithium powder (10 eq.) and naphthalene (1 eq.) were 
stirred overnight in dme (0.2 M). Dichloroboryl benzamidinate 104a (1 eq.) and 
iPr2Me2NHC (1 eq.) were dissolved in dme (0.2 M) and filtered. Both solutions 
were cooled to −78°C. Benzamidinate 104a solution is transferred via cannula 
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to the reduction solution (for YK105: inverse). The reaction mixture is slowly 
allowed to reach room temperature. Removal of solvents and all volatiles is 
followed by filtration from toluene (for YK105: hexane). 
Note: 1H NMR data were due to signal overlaps beyond interpretation. 
11B NMR (YK103) (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 32.6, −3.5 ppm. 
11B NMR (YK103_2) (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = −3.7 ppm. 
11B NMR (YK104) (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 31.7, 10.9, −4.0 
ppm. 
11B NMR (YK105) (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 32.4, 13.1, −3.0 
ppm. 
 
5.5. Reactivity of boryl benzamidinates towards NHCs 
5.5.1 Reactivity of (E)-N-(dichloroboryl)-N,N'-bis(2,6-diisopropylphenyl)-
benzimidamide 104a towards NHCs 
 
YK128_4/VAH-8: Borane amidinate complex 104a (1.28 g, 2.46 mmol, 1 eq.) 
and NHC 135 (0.887 g, 4.92 mmol, 2 eq.) are mixed as solids and dissolved in 
benzene (20 mL). The reaction mixture is filtered and the filtrate is heated at 
70°C for 8 days. Filtration is followed by removal of solvent and volatile 
components. The residue is washed with hexane twice to give benzazaborole 
136 as brownish solid (0.666 g, 41%). Single Crystals suitable for x-ray 
diffraction are grown from a concentrated benzene solution layered with hexane 
at room temperature. 
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1H NMR (300.13 MHz, C6D6, 300 K, TMS):  = 7.75 (d, 3J = 7.3 Hz, 1H, Ar-CH), 
7.47 (dd, 3J = 7.7 Hz, 4J = 1.7 Hz, 1H, Ar-CH), 7.31-7.22 (m, 4H, Ar-CH), 7.16 
(dd, 3J = 14.1 Hz, 4J = 1.6 Hz, 1H, Ar-CH), 7.10 (dd, 3J = 7.7 Hz, 4J = 1.7 Hz, 
1H, Ar-CH), 6.87-6.78 (m, 2H, Ar-CH), 5.42 (sept, 3J = 7 Hz, 1H, NHC-
CH(CH3)2), 4.85 (sept, 3J = 6.9 Hz, 1H, NHC-CH(CH3)2), 4.23 (sept, 3J = 6.6 Hz, 
1H, Dip-CH(CH3)2), 3.67 (sept, 3J = 6.8 Hz, 1H, Dip-CH(CH3)2), 3.48 (sept, 
3J = 6.8 Hz, 1H, Dip-CH(CH3)2), 3.14 (sept, 3J = 6.7 Hz, 1H, Dip-CH(CH3)2), 
1.75 (d, 3J = 6.5 Hz, 3H, Dip-CH(CH3)2), 1.54 (d, 3J = 6.8 Hz, 3H, Dip-
CH(CH3)2), 1.52, 1.48 (each s, each 3H, each NHC-CH3), 1.36 (d, 3J = 7.0 Hz, 
3H,Dip-CH(CH3)2), 1.34 (d, 3J = 6.9 Hz, 3H, NHC-CH(CH3)2), 1.25 (d, 
3J = 6.8 Hz, 3H,Dip-CH(CH3)2), 1.14 (d, 3J = 6.8 Hz, 3H,Dip-CH(CH3)2), 1.13 (d, 
3J = 6.8 Hz, 3H,Dip-CH(CH3)2), 1.08 (d, 3J = 6.9 Hz, 3H,Dip-CH(CH3)2), 0.99 (d, 
3J = 7.0 Hz, 3H, NHC-CH(CH3)2), 0.83 (d, 3J = 6.9 Hz, 3H, NHC-CH(CH3)2), 
0.43 (d, 3J = 7.1 Hz, 3H, NHC-CH(CH3)2), 0.31 (d, 3J = 6.7 Hz, 3H, Dip-
CH(CH3)2) ppm. 11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 1.5 (br s) 
ppm. 13C NMR{1H} (100.61 MHz, C6D6, 300 K, TMS):  = 161.5 (s, NHC-
carbene-C), 150.8 (s, imine-C), 148.7, 147.2, 140.3, 139.4, 138.0, 135.2, 130.7, 
129.2, 128.2, 128.0, 127.3, 127.3, 127.2 (each s, each Ar-C), 126.1 (s, NHC-
Cquart.), 125.9 (s, Ar-C), 125.6 (s, NHC-Cquart.), 124.5, 123.9, 123.7, 122.5 (each 
s, each Ar-C), 53.4, 50.3 (each s, each NHC-CH(CH3)2), 29.2, 28.9, 28.0, 27.6 
(each s, each Dip-CH(CH3)2), 27.5, 27.2, 27.0, 26.2, 25.1, 25.1, 24.2, 23.8 
(each s, each Dip-CH(CH3)), 22.5, 22.3, 20.1, 19.7 (each s, each NHC-
CH(CH3)2), 10.2, 10.1 (each s, each NHC-CH3) ppm. IR (powder): (C=N) = 
1616 cm−1. Elemental Analysis: C42H58BClN4 (665.21 g/mol); C 75.37 (calc. 
75.83); H 8.63 (calc. 8.79), N 9.36 (calc. 8.42) %. MP: >220°C (partially stable). 
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YK217: Borane amidinate complex 104a (61.0 mg, 0.117 mmol, 1 eq.) is 
dissolved in C6D6 (0.5 mL). The solution is added to Me4NHC (33) (33.4 mg, 
0.269 mmol, 2.3 eq.). 1H NMR spectroscopy indicates an unselective reaction in 
which the starting material 104a is nearly fully consumed overnight. The 11B 
NMR spectrum shows one very broad signal overlapping with the glass peak. 
Note: 1H NMR data were due to signal overlaps beyond interpretation. 
11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 9.9 (s, minor amounts of 
starting material), 0.0 (very br s) ppm. 
 
 
YK219: Borane amidinate complex 104a (60.0 mg, 0.115 mmol, 1 eq.) is 
dissolved in C6D6 (0.5 mL). The solution is added to Me4NHC (139) (18.5 mg, 
0.150 mmol, 1.3 eq.). 1H NMR spectroscopy indicates an unselective mixture of 
products and starting material. 11B NMR spectroscopy shows mainly starting 
material and one very broad resonance. 
Note: 1H NMR data were due to signal overlaps beyond interpretation. 
11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 9.9 (s, starting material), 0.0 
(very br s, unknown product mixture) ppm. 
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YK228: Triphenyl borane (6.00 mg, 0.025 mmol, 1.1 eq.) and 
benzo[c][1,2]azaborol-3-imine 136 (15.0 mg, 0.023 mmol, 1 eq.) are mixed as 
solids and C6D6 (0.5 mL) is added. 1H and 11B NMR spectra indicate no 
immediate reaction. After heating overnight at 70°C nearly full conversion 
(according to 1H and 11B NMR spectra) to proposed 142 and NHC-borane 
complex 141 is achieved.  
Note: Due to signal overlaps in the aryl region only characteristic signals of the 
main products are given in the 1H NMR peak list. 
1H NMR (300.13 MHz, C6D6, 300 K, TMS):  = 5.02 (sept, 3J = 7.0 Hz, 2H, 
NHC- CH(CH3)2), 3.21, 3.14 (each sept, each 3J = 6.8 Hz, altogether 4H, Dip-
CH(CH3)2), 1.52 (s, 6H, NHC-CH3), 1.28, 1.26 (each d, each 3J = 6.5 Hz, 
altogether 12H, Dip-CH(CH3)), 1.06, 0.99 (each d, each 3J = 6.8 Hz, each 6H, 
Dip-CH(CH3)2), 0.69 (d, 3J = 7.0 Hz, 12H, NHC-CH(CH3)2) ppm. 11B NMR 
(96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 57.5 (br s), 43.6 (br s), 0.6 (br s), −8.1 
(s, Ph3B-NHC) ppm. 
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YK229: Benzo[c][1,2]azaborol-3-imine 136 (16.0 mg, 0.024 mmol, 1 eq.) is 
dissolved in C6D6 (0.5 mL) and the solution is added to BCF 143 (38.8 mg, 
0.066 mmol, 2 eq.). 1H and 11B NMR spectra show an immediate reaction and 
full conversion to one uniform product and minor side products. Drying removes 
Et2O from the reaction mixture. 
Note: Only resonances of the main product are listed below, minor side 
products are disregarded. 
1H NMR (300.13 MHz, C6D6, 300 K, TMS):  = 7.87 (d, 3J = 7.3 Hz, 1H, Ar-CH), 
7.24-7.17 (m, 2H, Ar-CH), 7.15-7.11 (m, 3H, Ar-CH), 7.01 (d, 3J = 7.5 Hz, 2H, 
Ar-CH), 6.74-6.59 (m, 2H, Ar-CH), 4.16 (sept, 3J = 6.9 Hz, NHC-CH(CH3)2), 
2.94, 2.85 (each sept, 3J = 6.7 Hz, 3J = 6.8 Hz, altogether 4H, Dip-CH(CH3)2), 
1.76 (s, 6H, NHC-CH3), 1.14, 1.12 (each d, 3J = 4.8 Hz, 3J = 5.1 Hz, altogether 
12H, CH(CH3)2), 1.04, 0.92 (each d, each 3J = 6.8 Hz, each 6H, CH(CH3)2), 
0.88 (d, 3J = 6.8 Hz, 3H, CH(CH3)2), 0.56, 0.54 (each d, 3J = 6.7 Hz, 3J = 6.3 Hz, 
altogether 9H, CH(CH3)2) ppm. 11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O): 
 = −2.9 (br s) ppm. 19F NMR (282.40 MHz, C6D6, 300 K, CFCl3):  = −131.48 
(d, 3J = 17.8 Hz, 6F, F5Ph-oF), −160.75 (br s, 3F, F5Ph-pF), −166.16 (br s, 6F, 
F5Ph-mF) ppm. 
 
5. Experimental Section 
193 
5.5.3 Reactivity of further boryl benzamidinate complexes towards NHCs 
 
YK224: Boron-benzamidinate complex 119 (40.0 mg, 0.128 mmol, 1 eq.) and 
iPr2Me2NHC (135) (48.0 mg, 0.268 mmol, 2.1 eq.) are mixed as solids and C6D6 
(0.5 mL) is added. 1H and 11B NMR spectra show no reaction, not even after 
heating to 70°C for two days. 
 
 
YK223: Boron-benzamidinate complex 126 (60 mg, 0.107 mmol, 1 eq.) and 
iPr2Me2NHC (135) (40.0 mg, 0.224 mmol, 2.1 eq.) are mixed as solids and C6D6 
(0.5 mL) is added. 1H and 11B NMR spectra show no immediate reaction. 
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YK223_2: Boron-benzamidinate complex 126 (60 mg, 0.107 mmol, 1 eq.) and 
iPr2Me2NHC (135) (40.0 mg, 0.224 mmol, 2.1 eq.) are mixed as solids and 
benzene (6 mL) is added until a clear solution is achieved. After 5 days stirring 
at room temperature only partial conversion is observed via 1H and 11B NMR 
plus an unidentified mixture of products. 
11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O): 12.6 (br s, starting material), 4.3, 
−4.5 (each br s, unidentified product mixture) ppm. 
 
 
YK211_3: Boron-benzamidinate complex 128 (120 mg, 0.211 mmol, 1 eq.) and 
iPr2Me2NHC (135) (80.0 mg, 0.443 mmol, 2.1 eq.) are mixed as solids and C6D6 
(0.5 mL) is added. 1H and 11B NMR spectra show no immediate reaction, not 




YK221: Boron-benzamidinate complex 128 (60.0 mg, 0.105 mmol, 1 eq.) is 
dissolved in C6D6 (0.5 mL) and the solution is added to Me4NHC (139) (27.5 mg, 
0.221 mmol, 2.1 eq.). An insoluble, solid mass is formed immediately. No NMR 
spectrum could be recorded. 
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YK225: Me4NHC (139) (40.0 mg, 0.322 mmol, 2.1 eq.) is dissolved in C6D6 
(0.5 mL) and the solution is added to boron-benzamidinate 119 (48.0 mg, 
0.153 mmol, 1 eq.). 1H and 11B NMR spectra show no immediate reaction. After 
2 days at room temperature there´s a lot of precipitation. The reaction mixture is 
filtered and 1H and 11B NMR spectra show the total consummation of NHC, but 
leftover starting material and some minor unidentified resonances. 
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5.6. Reactivity of boryl benzamidinates towards metalorganic 
reagents 
5.6.1 Reactivity of(E)-N-(dichloroboryl)-N,N'-bis(2,6-diisopropylphenyl)-
benzimidamide 104a towards metalorganic reagents 
 
YK193/194/213: Boron-benzamidinate complex 104a (YK193: 77.0 mg, 
0.148 mmol, 1 eq.; YK194: 35.0 mg, 0.067 mmol, 1 eq.;YK213: 60.0 mg, 
0.115 mmol, 1 eq.) is dissolved in C6D6 (0.5 mL) and one equivalent of the 
according metalorganic reagent (YK193: 0.08 mL iPrMgCl in thf (2 M), YK194: 
0.03 mL nBuLi in hexanes (2.5 M), YK213: 23 mg KHMDS) is added at room 
temperature. 1H and 11B NMR spectra show no immediate reaction of the 
metalorganic reagents with 104a, not even after heating to 60°C (YK193) or 
70°C (YK194), respectively. 
 
5.6.2 Reactivity of (E)-N-(chloro(cyclohexyl)boryl)-N,N'-bis(2,6-diisopropyl-
phenyl)benzimidamide 128 towards metalorganic reagents 
 
YK210/212 Boron-benzamidinate complex 128 (YK210: 60.0 mg, 0.105 mmol, 
1 eq.; YK212: 60.0 mg, 0.105 mmol, 1 eq.) is dissolved in C6D6 (0.5 mL) and 
one equivalent of the according metalorganic reagent (YK210: 21 mg KHMDS, 
5. Experimental Section 
197 
YK212: 0.05 mL iPrMgCl in thf (2 M)) is added at room temperature. 1H and 11B 
NMR spectra show no immediate reaction of the metalorganic reagents with 
128, not even after heating to 60°C. 
 
5.6.3 Synthesis of 1,3-bis(2,6-diisopropylphenyl)-4-(4-isopropylcyclohexa-
2,5-dien-1-ylidene)-N,N-dimethyl-1,3,2-diazaboretidin-2-amine 145 
 
YK201_2: Borane amidinate 130 (192 mg, 0.362 mmol, 1 eq.) is dissolved in 
benzene (5 mL). Isopropyl magnesiumchloride solution (2 M in thf, 0.18 mL, 
0.360 mmol, 1 eq.) is added and stirring is continued overnight. Removal of 
solvents and volatile components is followed by filtration from hexane. Reducing 
the filtrate volume gives a pale yellow solution from which 45 mg (23%) of 145 
are obtained as colorless crystals at 5°C. 
1H NMR (300.13 MHz, C6D6, 300 K, TMS):  = 7.23-7.13 (m, 6H, Dip-CH), 5.93 
(dd, 3J = 10.3 Hz, 4J = 1.7 Hz, 2H, cyclohexadiene-CHvinyl), 4.90 (dd, 
3J = 10.4 Hz, 4J = 4.1 Hz, 2H, cyclohexadiene-CHvinyl), 3.74, 3.72 (each sept, 
each 3J = 7.0 Hz, 4H, Dip-CH(CH3)2), 2.86-2.81 (m, 1H, cyclohexadiene-CH), 
2.08 (s, 6H, N(CH3)2), 1.42 (dd, 3J = 8.1 Hz, 4J = 6.8 Hz, altogether 13H, 
CH(CH3)2 + Dip-CH(CH3)2), 1.31 (dd, 3J = 6.9 Hz, 4J = 1.1 Hz, 12H, Dip-
CH(CH3)2), 0.79 (d, 3J = 6.8 Hz, 6H, CH(CH3)2) ppm. 11B NMR (96.29 MHz, 
C6D6, 343 K, BF3-Et2O):  = 24.7 (s) ppm. 13C NMR{1H} (75.47 MHz, C6D6, 300 
K, TMS):  = 149.6 (s, NCN), 147.8 , 147.7 (each s, each Dip-Ar-Cquart.-N), 
137.1 (s, Dip-Ar-Cquart.), 123.7 (br s, Dip-CH), 122.6, 121.6 (each s, each 
cyclohexadiene-CHvinyl), 95.1 (s, cyclohexadiene-Cquart.), 44.0 (s, 
cyclohexadiene-CH) , 36.2 (s, N(CH3)2), 34.3 (s, CH(CH3)2), 29.3, 29.1 (each s, 
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each Dip-CH(CH3)2), 24.1, 23.9, 23.7, 23.6 (each s, each Dip-CH(CH3)2), 19.0 
(s, CH(CH3)2) ppm. MP: 145-147°C (stable). Elemental Analysis: C36H52BN3 
(537.64 g/mol); C 80.15 (calc. 80.42); H 9.49 (calc. 9.75), N 7.87 (calc. 7.82) %. 
 
5.6.4 Reactivity of (E)-N-(chloro(dimethylamino)boryl)-N,N'-bis(2,6-
diisopropylphenyl)benzimidamide 130 towards metalorganic reagents 
 
YK200: Borane amidinate 130 (51 mg, 0.096 mmol, 1 eq.) is dissolved in C6D6 
(0.5 mL). nButyl lithium solution (0.04 mL, 0.10 mmol, 1.04 eq.) is added at 
room temperature. 1H and 11B NMR spectra show a quantitative reaction to 152, 
analogously to 145. 
1H NMR (300.13 MHz, C6D6, 300 K, TMS):  = 7.21-7.18, 7.15-7.11 (each m, 
altogether 6H, Dip-CH), 5.88 (dd, 3J = 10.3 Hz, 4J = 1.7 Hz, 2H, cyclohexadiene 
-CHvinyl), 4.96 (dd, 3J = 10.3 Hz, 4J = 4.0 Hz, 2H, cyclohexadiene -CHvinyl), 3.75, 
3.73 (each sept, 3J = 6.9 Hz, 4H, Dip-CH(CH3)2), 2.91 (bs, 1H, cyclohexadiene-
CH), 2.07 (s, 6H, N(CH3)2), 1.43 (dd, 3J = 6.9, 4J = 4.1 Hz, 12H, Dip-CH(CH3)2), 
1.30 (dd, 3J = 6.9 Hz, 4J = 1.3 Hz, 12H, Dip-CH(CH3)2), 1.22-1.10 (m, 6H, nBu-
CH2), 0.81 (t, 3J = 7.0 Hz, 3H, nBu-CH3) ppm. 11B NMR (96.29 MHz, C6D6, 
343 K, BF3-Et2O):  = 24.6 (s) ppm. 
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YK204: Borane amidinate 130 (50.0 mg, 0.094 mmol, 1 eq.) and KHMDS 
(18.8 mg, 0.094, 1 eq.) are mixed as solids. C6D6 (0.5 mL) is added. 1H and 11B 
NMR spectra show a quantitative reaction to 153, analogously to 145. 
1H NMR (300.13 MHz, C6D6, 300 K, TMS):  = 7.14-7.02 (m, 7H, Dip-CH + 
C6D6), 5.74 (dd, 3J = 7.7 Hz, 4J = 1.5 Hz, 2H, cyclohexadiene-CHvinyl), 4.81 (dd, 
3J = 7.7 Hz, 4J = 2.7 Hz, 2H, cyclohexadiene-CHvinyl), 4.37 (sept, 4J = 1.4 Hz, 
1H, cyclohexadiene-CH), 3.62, 3.59 (each sept, 3J = 5.1 Hz, 4H, Dip-CH(CH3)2), 
1.95 (s, 6H, N(CH3)2), 1.33 (dd, 3J = 11.8 Hz, 4J = 5.2 Hz, 12H, Dip-CH(CH3)2), 
1.21 (dd, 3J = 7.7 Hz, 4J = 5.1 Hz, 12H, Dip-CH(CH3)2), 0.00 (br s, 18H, 




YK205: Borane amidinate 130 (50.0 mg, 0.0.094 mmol, 1 eq.) and iPr2Me2NHC 
(135) (16.9 mg, 0.094 mmol, 1 eq.) are dissolved in C6D6 (0.5 mL). KHMDS 
(18.8 mg, 0.094 mmol, 1 eq.) is added. 1H and 11B NMR spectra indicate full 
conversion to 153 without participation of NHC. 
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Note: See above for NMR spectroscopic data of 153. 
 
YK209: Borane amidinate 130 (49.7, 0.094 mmol, 1 eq.) and lithium 
disilenide[219], [220] (80.0 mg, 0.094 mmol, 1 eq.) are mixed as solids and C6D6 
(0.5 mL) is added. 1H, 11B and 29Si NMR spectra indicate full conversion to 154 
in analogy to 145. 
1H NMR (300.13 MHz, C6D6, 300 K, TMS):  = 7.12-7.04 (m, 10H, Ar-CH), 6.94 
(s, 2H, Ar-CH), 5.58 (dd, 3J = 10.2 Hz, 4J = 1.7 Hz, 2H, cyclohexadiene-CHvinyl), 
5.23 (dd, 3J = 10.1 Hz, 4J = 3.7 Hz, 2H, cyclohexadiene -CHvinyl), 4.04-3.94 (m, 
4H, Ar-CH(CH3)2), 3.77-3.61 (m, 4H, Ar-CH(CH3)2), 3.53 (sept, 3J = 6.9 Hz, 2H, 
Ar-CH(CH3)2), 2.85-2.57 (m, 4H, Ar-CH(CH3)2 + cyclohexadiene-CH), 2.04 (s, 
6H, N(CH3)2), 1.39 (d, 3J = 6.8 Hz, 6H, Ar-CH(CH3)2), 1.28-1.22 (m, 30H, Ar-
CH(CH3)2), 1.18 (d, 3J = 6.7 Hz, 9H, Ar-CH(CH3)2), 1.14 (d, 3J = 6.9 Hz, 6H, Ar-
CH(CH3)2), 1.07 (d, 3J = 6.9 Hz, 12H, Ar-CH(CH3)2), 0.93-0.86 (m, 15H, Ar-
CH(CH3)2) ppm. 11B NMR (96.29 MHz, C6D6, 343 K, BF3-Et2O):  = 26.7 (s) 
ppm. 29Si NMR (59.63 MHz, C6D6, 300 K, TMS):  = 75.9, 57.0 ppm. 
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5.6.5 Reactivity of Diazaboretidine 145 - Attempted Exchange of NMe2 with 
Cl 
 
YK214: Diazaboretidine 145 (57 mg, 0.106 mmol, 1 eq.) is dissolved in hexane 
(4 mL) and cooled to 0°C. BCl3 solution (1.1 M in hexane, 0.05 mL; 0.053 mmol, 
0.5 eq.) is added dropwise via syringe. The reaction mixture is allowed to reach 
room temperature and all volatiles and solvents are removed. 11B NMR 
spectrum indicates partial conversion to several tetracoordinated boron species. 
Note: Due to signal overlaps, apart from distinct resonances of the starting 
material, the 1H NMR spectrum is beyond interpretation. 
11B NMR (96.29 MHz, C6D6, 343 K, BF3-Et2O):  = 24.8 (br s, starting material), 
9.9, 8.5, 7.0, 2.8 (unidentified product mixture) 
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5.7. Synthesis of 1,2-bis(dimethylamino) diboranes(4) 
5.7.1 Synthesis of 2-chloro-1,2-bis(dimethylamino)-1-para-N,N-
dimethylaniline diborane(4) 156 
 
YK113_4: 1,2-Bis(dimethylamino)-dichloro diborane(4) 54a (4.0 mL, 23.9 mmol, 
1 eq.) is dissolved in Et2O (130 mL) and cooled to −78°C (isopropanol/ liquid 
nitrogen). A solution of 4-(dimethylamino)phenyl lithium (3.86 g, 27.3 mmol, 
1.1 eq.) in Et2O (70 mL) is added dropwise via dropping funnel. The reaction 
mixture is stirred in the cooling bath for 5 minutes and then allowed to reach 
room temperature. Stirring is continued for 1 hour. Removal of solvent and 
volatile species in vacuo is followed by filtration from hexane. Reducing the 
filtrate volume gives a yellow solution from which 2.94 g (46%) of diborane(4) 
156 are obtained as bright yellow crystals at 5°C.  
1H NMR (300.13 MHz, C6D6, 300 K, TMS):  = 7.56 (d, 3J = 8.7 Hz, 2H, Me2N-
PhH), 6.71 (d, 3J = 8.8 Hz, 2H, Me2N-PhH), 2.80 (s, 3H, B-NCH3), 2.74 (s, 3H, 
B-NCH3), 2.70 (s, 3H, B-NCH3), 2.57 (s, 6H, (CH3)2N-Ph), 2.56 (s, 3H, B-NCH3) 
ppm. 11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 43.9 (br s) ppm 
13C NMR (75.47 MHz, C6D6, 300K, TMS):  = 150.5 (Me2N-PhCquart.), 134.1 (s, 
Me2N-PhCH), 131.0 (br s, Me2N-PhCquart.-B), 112.6 (s, Me2N-PhCH), 44.8 (s, B-
NCH3), 41.9 (s, B-NCH3), 40.1 (s, (CH3)2N-Ph), 40.1 (s, B-NCH3), 37.5 (s, B-
NCH3) ppm. UV/Vis (hexane): max = 282 nm ( = 13160 L mol−1 cm−1). 
Elemental analysis: C12H22B2ClN3 (265.40); C 53.07 (calc. 54.31); H 7.69 
(8.36); N 15.77 (15.83) %. MP: 61-62°C (stable). 
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5.7.2 Synthesis of 1,2-bis(dimethylamino)-1,2-bis(para-N,N-
dimethylaniline) diborane(4) 157 
 
YK123_2: Diborane(4) 156 (500 mg, 1.88 mmol, 1 eq.) is dissolved in Et2O (25 
mL) and cooled to −78°C (isopropanol/ liquid nitrogen). A solution of 4-
(dimethylamino)phenyllithium (250 mg, 1.88 mmol, 1 eq.) in Et2O (25 mL) is 
added slowly via cannula. The reaction mixture is stirred in the cooling bath for 
5 minutes and then allowed to reach room temperature. The solvent is 
exchanged for toluene and the reaction mixture is heated to 100°C for one hour. 
Removal of solvent and volatile species in vacuo is followed by filtration from 
hexane. Reducing the filtrate volume gives a yellow solution from which 212 mg 
(32%) of diborane(4) 157 are obtained as yellow crystals at 5°C.  
1H NMR (400.13 MHz, C6D6, 300 K, TMS):  = 7.54 (d, 3J = 8.6 Hz, 4H, Me2N-
PhCH), 6.75 (d, 3J = 8.7 Hz, 4H, Me2N-PhCH), 2.98 (s, 6H, B-NCH3), 2.87 (s, 
6H, B-NCH3), 2.58 (s, 12H, (CH3)2N-Ph) ppm. 11B NMR (96.29 MHz, C6D6, 
300 K, BF3-Et2O):  = 49.4 (br s) ppm. 13C NMR (100.61 MHz, C6D6, 300K, 
TMS):  = 150.1 (Me2N-PhCquart.), 134.1 (s, Me2N-PhCH), 133.4 (br s, Me2N-
PhCquart.-B), 112.8 (s, Me2N-PhCH), 45.0 (s, B-NCH3), 40.3 (s, (CH3)2N-Ph), 
40.1 (s, B-NCH3) ppm. UV/Vis (hexane): max = 281 nm 
( = 34910 L mol−1 cm−1). Elemental analysis: C20H32B2N4 (350.12); C 68.12 
(calc. 68.61); H 9.04 (9.21); N 15.57 (16.00) %. MP: 130-131°C (stable). 
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5.7.3 Isolation of 1,1-bis(dimethylamino)-2,2-bis(para-N,N-dimethylaniline) 
diborane(4) 158 
 
YK118: Diborane(4) 54a (0.5 mL, 2.99 mmol, 1 eq.) is dissolved in Et2O (30 
mL) and cooled to −78°C (isopropanol/ liquid nitrogen). A solution of 4-
(dimethylamino)phenyl lithium (910 mg, 6.84 mmol, 2.3 eq.) in Et2O (20 mL) is 
added dropwise through dropping funnel. The reaction mixture is stirred in the 
cooling bath for 5 minutes and then allowed to reach room temperature. 
Removal of solvent and volatile species in vacuo is followed by filtration from 
hexane. Reducing the filtrate volume gives a yellow solution from which 1,1-
diborane(4) 158 is obtained as yellow crystals at 5°C. 1H NMR of the mother 
liquor shows 1,2-diborane(4) 157 as main component. 
Note: Due to a low amount of compound and reproducibility issues 158 is not 
fully structurally characterized. 
1H NMR (300.13 MHz, C6D6, 300 K, TMS):  = 8.14 (d, 3J = 8.7 Hz, 4H, Me2N-
PhCH), 6.75 (d, 3J = 8.7 Hz, 4H, Me2N-PhCH), 2.82 (s, 12H, B-NCH3), 2.56 (s, 
12H, (CH3)2N-Ph) ppm. 11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 79.0 
(br s), 38.4 (br, s) ppm.  
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5.7.4 Synthesis of 1,2-bis(dimethylamino)-1-para-N,N-dimethylaniline-2-
pentafluorphenyl diborane(4) 161 
 
YK115_4: Bromopentafluorobenzene (0.15 mL, 1.18 mmol, 1.1 eq.) is dissolved 
in Et2O (10 mL) and cooled to −100°C (ethanol/ liquid nitrogen). nButyl lithium 
solution in hexanes (0.49 mL, 2.5 M, 1.24 mmol, 1.15 eq.) is added dropwise 
via syringe. Stirring is continued for 15 minutes at −100°C. A precooled solution 
of diborane(4) 156 (285 mg, 1.07 mmol, 1 eq.) in Et2O (10 mL) is added via 
cannula. The mixture is stirred for 30 minutes in the cooling bath and is then 
allowed to reach room temperature. Removal of solvent and volatile species in 
vacuo is followed by filtration from toluene. The solvent is exchanged for o-
difluorobenzene. Reducing the volume gives a pale-yellow solution from which 
253 mg (52%) of diborane(4) 161 (with 0.5 eq. o-difluorobenzene) are obtained 
at −26°C as colorless crystals. 
1H NMR (400.13 MHz, C6D6, 300 K, TMS):  = 7.37 (d, 3J = 8.6 Hz, 4H, Me2N-
PhH), 6.71 (d, 3J = 8.7 Hz, 4H, Me2N-PhH), 2.93 (s, 3H, B-NCH3), 2.80 (s, 3H, 
B-NCH3), 2.78 (s, 3H, B-NCH3), 2.54 (s, 6H, (CH3)2N-Ph), 2.43 (s, 3H, B-NCH3) 
ppm. 11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 45.8 (br s) ppm. 
13C NMR (100.61 MHz, C6D6, 300K, TMS):  = 150.4 (s, Me2N-PhCquart.), 145.3 
(dm, 1JC-F = 237 Hz, F5PhC-F), 140.3 (dm, 1JC-F = 248 Hz, F5PhC-F), 137.5 (dm, 
1JC-F = 249 Hz, F5PhC-F), 134.0 (s, Me2N-PhCH), 130.8 (s, Me2N-PhCquart.-B), 
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112.4 (s, Me2N-PhCH), 44.7, 43.9, 41.0, 40.4 (each s, each B-NCH3), 40.0 (s, 
(CH3)2N-Ph) ppm. 19F NMR (282.40 MHz, C6D6, 300 K, CFCl3):  = -132.6 (dd, 
2F, 3JF-F = 24 Hz, 4JF-F = 8 Hz, F5Ph-oF), -156.8 (t, 1F, 3JF-F = 20 Hz, F5Ph-pF), -
162.6 (ddd, 2F, 3JF-F = 25 Hz, 3JF-F = 21 Hz, 4JF-F = 10 Hz, F5Ph-mF) ppm. 
UV/Vis (Et2O): max = 286 nm ( = 17250 L mol−1 cm−1). Elemental analysis: 
C18H22B2F5N3 (397.01); C 53.96 (calc. 54.46); H 5.48 (5.59); N 10.55 (10.58) %. 
MP: 80-85°C (stable). 
 
5.7.5 Reactivity of 2-chloro-1,2-bis(dimethylamino)-1-para-N,N-
dimethylaniline diborane(4) 156 towards 4-cyanophenyl lithium and 4-
nitrophenyl lithium 
 
General Procedure: The halophenyl derivative (1.2 eq.) is dissolved in thf 
(4.4 mL/mmol) and cooled to −100°C (ethanol/ liquid nitrogen). Lithium-organic 
reagent solution (1.25 eq.) is added dropwise via syringe. Stirring is continued 
for 30 minutes at −100°C. A preccoled solution of diborane(4) 156 (1 eq.) in thf 
(5.3 mL/mmol) is added via syringe. The mixture is stirred for 30 minutes in the 
cooling bath and is then allowed to reach room temperature. Solvent and 
volatile species are removed in vacuo and an NMR sample of 162 or 163 is 
analyzed. 
Data for YK114_2: From 500 mg (1.88 mmol) diborane(4) 156, 411 mg 
(2.26 mmol) 4-bromobenzonitrilie and 1.0 mL (2.37M, 2.37 mmol) nbutyl lithium 
solution in hexanes. 
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Note: 1H NMR spectrum could not be evaluated due to signal overlaps. 
11B NMR 162 (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 47.6 (br, s), 36.4 (br, s) 
ppm. 
Data for YK121: From 100 mg (0.377 mmol) diborane(4) 156, 112 mg 
(0.452 mmol) 4-iodonitrobenzene, 0.25 mL, (1.9 M, 0.471 mmol) phenyllithium 
solution in dibutylether. 
Note: 1H NMR spectrum could not be evaluated due to signal overlaps. 
11B NMR 163 (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 48.6 (br, s), 36.4 (br, s), 
1.6 (br, s, unidentified side product) ppm. 
 
5.8. Synthesis of diazadiborinanes 
5.8.1 Synthesis of 1,4-dimethyl-2,3-bis(dimethylamino)-1,2,3,4-
tetrahydrobenzo[e][1,4,2,3]diazadiborinane 166 
 
YK150_9: N,N’-Dilithio-N,N'-dimethyl-1,2-diaminobenzene 165 (3.00 g, 
14.9 mmol, 1.05 eq.) is dissolved in thf (250 mL) and cooled to −78°C 
(isopropanol/ liquid nitrogen). A solution of 1,2-bis(dimethylamino)-
dichlorodiborane(4) 54a (2.6 mL, 15.5 mmol, 1 eq.) in Et2O (45 mL) is added 
dropwise via dropping funnel over 20 minutes. Stirring is continued in the 
cooling bath for 1 hour and then allowed to reach room temperature. Stirring is 
maintained for another hour. Removal of solvent and volatile species in vacuo is 
followed by filtration from hexane. Reducing the filtrate volume gives a yellow 
solution from which 1.64 g (two fractions, 43%) of cyclic 1,4-diaza-2,3-
diborinane 166 are obtained as colorless crystals at room temperature. 
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1H NMR (300.13 MHz, C6D6, 300K, TMS):  = 7.14 7.07 (m, 2H, ArH), 7.02–
6.96 (m, 2H, ArH), 2.99 (s, 6H, Ar-NCH3), 2.65 (s, 12H, B-N(CH3)2) ppm. 
11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 33.7 (s) ppm. 13C NMR 
(75.47 MHz, C6D6, 300K, TMS):  = 137.6 (s, ArCquart.), 118.6 (s, ArCH), 112.9 
(s, ArCH), 42.3 (s, B-N(CH3)2), 36.7 (s, Ar-NCH3) ppm. UV/Vis (hexane): 
max = 314 nm ( = 11830 L mol−1 cm−1), 308 nm ( = 12110 L mol−1 cm−1), 
272 nm ( = 9840 L mol−1 cm−1), 234 nm ( = 34860 L mol−1 cm−1). Elemental 
analysis: C12H22B2N4 (243.96); C 58.79 (calc. 59.08); H 8.67 (9.09); N 22.78 
(22.97) %. MP: 135-138°C (stable). 
 
5.8.2 Synthesis of 2,3-bis(para-N,N-dimethylaniline)-1,4-dimethyl-1,2,3,4-
tetrahydrobenzo[e][1,4,2,3]diazadiborinane 169 
 
YK152_6: Cyclic 1,4-diaza-2,3-diborinane 166 (822 mg, 3.37 mmol, 1 eq.) is 
dissolved in pentane (120 mL) and cooled to 0°C (ice bath). BCl3 solution in 
hexanes (3.5 mL, 1 M, 3.5 mmol, 1.04 eq.) is added via syringe. The reaction 
mixture is stirred in the ice bath for 30 minutes and one hour at room 
temperature. Removal of solvent and volatile species in vacuo afforded the 
colorless cyclic 1,4-diaza-2,3-diborinane 168 in quantitative yield which is used 
without further purification. 
1H NMR (400.13 MHz, C6D6, 300K, TMS):  = 6.99–6.95 (m, 2H, ArH), 6.91–
6.87 (m, 2H, ArH), 3.05 (s, 6H, Ar-NCH3) ppm. 11B NMR (128.38 MHz, C6D6, 
300 K, BF3-Et2O):  = 40.0 (s) ppm. 
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YK154_3: Dichloro cyclic 1,4-diaza-2,3-diborinane 168 (212 mg, 0.939 mmol, 
1 eq.) and 4-(dimethylamino)phenyl lithium (312 mg, 2.35 mmol, 2.5 eq.) are 
mixed as solids and benzene (30 mL) is added at room temperature. Stirring is 
continued for 1 hour. Removal of solvent and volatile species in vacuo is 
followed by filtration from toluene. Crystals are grown from a yellow solution of 
the crude product in a mixture of toluene (5 mL) and hexane (10 mL), affording 
77 mg (21%) of the desired product 169 at room temperature. 
1H NMR (400.13 MHz, C6D6, 300K, TMS):  = 7.36 (d, 3J = 8.6 Hz, 4H, Me2N-
PhH), 7.35–7.33 (m, 2H, ArH), 7.22–7.18 (m, 2H, ArH), 6.67 (d, 3J = 8.7 Hz, 4H, 
Me2N-PhH), 3.40 (s, 6H, Ar-NCH3), 2.55 (s, 12H, (CH3)2N-Ph) ppm. 11B NMR 
(128.38 MHz, C6D6, 300 K, BF3-Et2O):  = 47.1 (br s) ppm. 13C NMR 
(100.61 MHz, C6D6, 300K, TMS):  = 150.0 (s, Me2N-PhCquart.), 138.1 (s, 
ArCquart.), 134.9 (s, Me2N-PhCH), 132.2 (br s, Me2N-PhCquart.-B), 122.0 (s, 
ArCH), 117.0 (s, ArCH), 112.1 (s, Me2N-PhCH), 40.1 (s, (CH3)2N-Ph), 38.1 (s, 
Ar-NCH3) ppm. UV/Vis (diethylether): max = 342 nm ( = 35480 L mol−1 cm−1), 
261 nm ( = 34650 L mol−1 cm−1), 232 nm ( = 27300 L mol−1 cm−1). Elemental 
analysis: C24H30B2N4 (396.15); C 72.69 (calc. 72.77); H 7.58 (7.63); N 13.96 
(14.14) %. MP: 180-182°C (partially stable). 
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5.8.3 Synthesis of 2,3-bis(pentafluorophenyl)-1,4-dimethyl-1,2,3,4-
tetrahydrobenzo[e][1,4,2,3]diazadiborinane 170 
 
YK152_6: Cyclic 1,4-diaza-2,3-diborinane 166 (822 mg, 3.37 mmol, 1 eq.) is 
dissolved in pentane (120 mL) and cooled in an ice bath for 20 minutes. BCl3 
solution in hexanes (3.5 mL, 1 M, 3.5 mmol, 1.04 eq.) is added via syringe. The 
reaction mixture is stirred in the ice bath for 30 minutes and one hour at room 
temperature. Removal of solvent and volatile species in vacuo affords the 
colorless intermediate 168 in quantitative yield which is used without further 
purification. 
1H NMR (400.13 MHz, C6D6, 300K, TMS):  = 6.99–6.95 (m, 2H, ArH), 6.91–
6.87 (m, 2H, ArH), 3.05 (s, 6H, Ar-NCH3) ppm. 11B NMR (128.38 MHz, C6D6, 
300 K, BF3-Et2O):  = 40.1 (s) ppm. 
YK163: Bromopentafluorobenzene (degassed, 0.55 mL, 4.41 mmol, 2.1 eq.) is 
dissolved in Et2O (50 mL) and cooled to -100°C (ethanol/ liquid nitrogen) for 30 
minutes before nbutyl lithium solution (2.5 M in hexanes, 1.8 mL, 4.50 mmol, 
2.15 eq.) is added. The reaction mixture is stirred for 30 minutes at -100°C. 
Cyclic 1,4-diaza-2,3-diborinane 168 (472 mg, 2.08 mmol, 1 eq.) is dissolved in 
5. Experimental Section 
211 
toluene (30 mL) and cooled in to -100°C (ethanol/ liquid nitrogen) for 30 
minutes. The Diborane-solution is transferred to the anion solution via cannula 
and the reaction mixture is allowed to warm slowly to -60°C. After stirring 
another hour at room temperature removal of solvent and volatile species in 
vacuo is followed by filtration from toluene. Crystals are grown from a 
concentrated, colorless solution of the crude product in toluene, affording 
269 mg (26%) of the desired cyclic 1,4-diaza-2,3-diborinane 170. 
1H NMR (400.13 MHz, C6D6, 300K, TMS):  = 7.11 (s, 4H, ArH), 2.94 (s, 6H, Ar-
NCH3) ppm. 11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 42.2 (br s) ppm. 
13C NMR (100.61 MHz, C6D6, 300K, TMS):  = 145.8 (dm, 1JC-F = 239 Hz, 
F5PhC-F), 141.3 (dm, 1JC-F = 251 Hz, F5PhC-F), 137.6 (dm, 1JC-F = 250 Hz, 
F5PhC-F), 136.6 (s, ArCquart.), 123.7 (s, ArCH), 117.8 (s, ArCH), 114.9 (br s, 
F5PhC-B) 38.6 (s, Ar-NCH3) ppm. 19F NMR (282.40 MHz, C6D6, 300 K, CFCl3): 
 = -132.7 (dd, 4F, 3JF-F = 24 Hz, 4JF-F = 10 Hz, F5Ph-oF), -153.6 (t, 2F, 3JF-
F = 20 Hz, F5Ph-pF), -161.5 (ddd, 4F, 3JF-F = 25 Hz, 3JF-F = 21 Hz, 4JF-F = 10 Hz, 
F5Ph-mF) ppm. UV/Vis (diethylether): max = 317 nm ( = 18246 L mol−1 cm−1), 
254 nm ( = 13763 L mol−1 cm−1), 231 nm ( = 25011 L mol−1 cm−1). Elemental 
analysis: C20H10B2F10N2 (489.92); C 48.68 (calc. 49.03); H 2.04 (2.06); N 5.87 
(5.72) %. MP: 142-144°C (stable). 
 
5.8.4 Synthesis of 1,4-dimethyl-2-dimethylamino-3-para-N,N-
dimethylaniline-1,2,3,4-tetrahydrobenzo[e][1,4,2,3]diazadiborinane 172 
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YK157_6: Cyclic 1,4-diaza-2,3-diborinane 166 (1.64 g, 6.74 mmol, 1 eq.) is 
dissolved in hexane (120 mL) and cooled to 0°C (ice bath). BCl3 solution in 
hexanes (3.0 mL, 1.1 M, 3.3 mmol, 0.49 eq.) is added slowly via syringe. The 
reaction mixture is stirred in the ice bath for 15 minutes and 30 minutes at room 
temperature. Removal of solvent and volatile species in vacuo afforded the 
colorless, oily intermediate 171. The crude product is twice dissolved in hexane 
which is evacuated again for complete removal of chloro 
bis(dimethylamino)borane. The crude product is used without further 
purification.  
1H NMR (300.13 MHz, C6D6, 300K, TMS):  = 7.11 (ddd, 3J = 8.5 Hz, 
3J = 6.6 Hz, 4J = 1.9 Hz, 1H, ArH), 7.01 – 6.93 (m, 3H, ArH), 3.21 (s, 3H, B-
NCH3), 2.85 (s, 3H, B-NCH3), 2.81 (s, 6H, Ar-NCH3) ppm. 11B NMR 
(96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 40.2 (s), 31.8 (s) ppm.  
YK158_6: Crude product 171 (6.74 mmol) is dissolved in benzene and filtered. 
4-(dimethylamino)phenyl lithium (942 mg, 7.08 mmol, 1.05 eq.) is suspended in 
benzene (80 mL) and added to the filtrate of 171 at room temperature. Stirring 
is continued for three hours. Removal of solvent and volatile species in vacuo is 
followed by filtration from hexane. Reducing the filtrate volume gives a yellow 
solution from which 663 mg (two fractions, 31%) of 172 are obtained as yellow 
crystals. 
1H NMR (300.13 MHz, C6D6, 300K, TMS):  = 7.28 (d, 3J = 8.7 Hz, 2H, Me2N-
PhH), 7.20 (d, 3J = 7.5 Hz, 2H, ArH), 7.14–7.11 (m, 1H, ArH), 7.04 (ddd, 
3J = 8.3 Hz, 3J = 6.9 Hz, 4J = 1.7 Hz, 1H, ArH), 6.80 (d, 3J = 8.7 Hz, 2H, Me2N-
PhH), 3.19 (s, 3H, B-NCH3), 3.05 (s, 3H, B-NCH3), 2.65 (s, 6H, Ar-NCH3), 2.60 
(s, 6H, (CH3)2N-Ph) ppm. 11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O): 
 = 47.2 (br s), 34.0 (br s) ppm. 13C NMR (75.47 MHz, C6D6, 300K, TMS): 
 = 149.6 (s, Me2N-PhCquart.), 140.8 (s, ArCquart.), 136.4 (s, ArCquart.), 135.3 (br s, 
Me2N-PhCquart.-B), 131.3 (s, Me2N-PhCH), 122.5 (s, ArCH), 119.0 (s, ArCH), 
116.8 (s, ArCH), 115.5 (s, ArCH), 113.1 (s, Me2N-PhCH), 42.1 (s, Ar-NCH3), 
40.3 (s, (CH3)2N-Ph), 38.1 (s, B-N(CH3) 37.6 (s, B-NCH3) ppm. UV/Vis 
(hexane): max = 327 nm ( = 15810 L mol−1 cm−1), 315 nm 
( = 14840 L mol−1 cm−1), 243 nm ( = 24880 L mol−1 cm−1), 216 nm 
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( = 34980 L mol−1 cm−1). Elemental analysis: C18H26B2N4 (320.05); C 66.98 
(calc. 67.55); H 8.19 (8.19); N 17.77 (17.51) %. MP: 115-120°C (stable). 
 
5.8.5 Reactivity of 1,4-dimethyl-2-dimethylamino-3-chloro-1,2,3,4-
tetrahydrobenzo[e][1,4,2,3]diazadiborinane 171 towards various extended 
or electron-rich aromatic systems 
 
YK157_6: Cyclic 1,4-diaza-2,3-diborinane 166 (1 eq.) is dissolved in hexane 
(18 mL/mmol) and cooled to 0°C (ice bath). BCl3 solution in hexanes (1.1 M, 
0.5 eq.) is added slowly via syringe. The reaction mixture is stirred in the ice 
bath for 15 minutes and 30 minutes at room temperature. Removal of solvent 
and volatile species in vacuo afforded the colorless, oily intermediate 171. The 
crude product is twice dissolved in hexane which is evacuated again for 
complete removal of chloro bis(dimethylamino)borane. The crude product is 
used without further purification.  
1H NMR (300.13 MHz, C6D6, 300K, TMS):  = 7.11 (ddd, 3J = 8.5 Hz, 
3J = 6.6 Hz, 4J = 1.9 Hz, 1H, ArH), 7.01 – 6.93 (m, 3H, ArH), 3.21 (s, 3H, B-
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NCH3), 2.85 (s, 3H, B-NCH3), 2.81 (s, 6H, Ar-NCH3) ppm. 11B NMR 
(96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 40.2 (s), 31.8 (s) ppm.  
General Procedure for reactions with isolated anions (YK172-174 & 
YK181): Crude product 171 (1 eq.) is dissolved in benzene (12 mL/mmol) and 
filtered. The corresponding aryl lithium (1.0 eq.) is suspended in benzene 
(12 mL/mmol) and added to the filtrate of 171 at room temperature. Stirring is 
continued for three hours. Removal of solvent and volatile species in vacuo is 
followed by filtration from hexane. An NMR sample of the reaction mixture is 
analyzed. 
Data for YK181: From 238 mg (0.976 mmol) Cyclic 1,4-diaza-2,3-diborinane 
171 and 199 mg (0.979 mmol) 4’-(dimethylamino)-[1,1’-biphenyl]4-yl lithium. 
1H NMR (400.13 MHz, C6D6, 300K, TMS): Note: Aryl-signals are not listed due 
to signal overlaps beyond interpretation  = 7.79 (d, 3J = 8.0 Hz, 2H, biphenyl-
CH), 7.69 (d, 3J = 8.7 Hz, 2H, biphenyl-CH), 7.39 (d, 3J = 8.0 Hz, 2H, biphenyl-
CH), 6.69 (d, 3J = 8.8 Hz, 2H, biphenyl-CH), 3.11, 3.05 (each s, each 3H, B-
NCH3), 2.60 (s, 6H, Ar-NCH3), 2.54 (s, 6H, biphenyl-N(CH3)2) ppm. 11B NMR 
(96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 46.5 (br s), 40.5 (br, s, unidentified 
side product), 31.8 (br, s) ppm. 
Data for YK173: From 307 mg (1.26 mmol) Cyclic 1,4-diaza-2,3-diborinane 171 
and 177 mg (1.26 mmol) 4-(methylthio)phenyl lithium. 
1H NMR (400.13 MHz, C6D6, 300K, TMS):  = Note: Some aryl-signals may not 
listed due to signal overlaps beyond interpretation 7.27 (d, 3J = 8.2 Hz, 2H, 
thioanisole-CH), 7.23-7.18 (m, 2H, Ar-CH), 7.05-7.00 (m, 2H, Ar-CH), 3.02, 3.02 
(each s, altogether 6H, B-NCH3), 2.54 (s, 6H, Ar-NCH3), 2.07 (s, 6H, 
thioanisole-CH3) ppm. 11B NMR (128.38 MHz, C6D6, 300 K, BF3-Et2O):  = 48.7 
(br s), 33.5 (br, s) ppm. 
Data for YK174: From 307 mg (1.26 mmol) Cyclic 1,4-diaza-2,3-diborinane 171 
and 240 mg (1.16 mmol) 4’-(methylthio)-[1,1’biphenyl]-4-yl lithium. 
1H NMR (400.13 MHz, C6D6, 300K, TMS): Note: Aryl-signals are not listed due 
to signal overlaps beyond interpretation  = 7.62 (d, 3J = 8.2 Hz, 2H, biphenyl-
CH), 7.47 (d, 3J = 8.4 Hz, 2H, biphenyl-CH), 7.34 (d, 3J = 8.2 Hz, 2H, biphenyl-
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CH), 7.19 (d, 3J = 8.4 Hz, 2H, biphenyl-CH), 3.07, 3.05 (each s, each 3H, B-
NCH3), 2.58 (s, 6H, Ar-NCH3), 2.01 (s, 3H, biphenyl-SCH3) ppm. 11B NMR 
(128.38 MHz, C6D6, 300 K, BF3-Et2O):  = 48.6 (br s), 34.7 (br, s) ppm. 
Data for YK172: From 308 mg (1.26 mmol) Cyclic 1,4-diaza-2,3-diborinane 171 
and 116 mg (1.26 mmol) thiophen-2-yl lithium. 
1H NMR (400.13 MHz, C6D6, 300K, TMS): Note: Some aryl- and thiophene-
signals are not listed due to signal overlaps beyond interpretation  = 7.28 (dd, 
3J = 4.7 Hz, 4J = 0.9 Hz, 1H, thiophene-CH), 6.89 (dd, 3J = 3.3 Hz, 4J = 0.9 Hz, 
1H, thiophene-CH), 3.09, 2.96 (each s, each 3H, B-NCH3), 2.55 (s, 6H, Ar-
NCH3) ppm. 11B NMR (128.38 MHz, C6D6, 300 K, BF3-Et2O):  = 46.2 (br s), 
33.5 (br, s) ppm. 
 
General Procedure for reactions with previously in solution generated 
anions (YK176 & YK182 & YK184): To form the aryl lithium the corresponding 
bromo derivative or bithiophene (1.15 eq.) is dissolved in Et2O (38 mL/mmol) 
and cooled to −78°C. nButyl lithium solution (2.5 M in hexanes, 1.2 eq.) is added 
and the reaction mixture is stirred one hour in the cooling bath and one hour at 
room temperature. Crude product 171 (1 eq.) is dissolved in benzene 
(12 mL/mmol) and filtered. The corresponding aryl lithium is added to the filtrate 
of 171 at room temperature. Stirring is continued for three hours. Removal of 
solvent and volatile species in vacuo is followed by filtration from hexane. An 
NMR sample of the rection mixture is analyzed. 
Data for YK176: From 304 mg (1.25 mmol) Cyclic 1,4-diaza-2,3-diborinane 171 
and 208 mg (1.25 mmol) bithiophene. 
1H NMR (400.13 MHz, C6D6, 300K, TMS):  = 7.22 (d, 3J = 3.4 Hz, 1H, 
bithiophene-CH), 7.12–7.09 (m, 2H, bithiophene-CH), 7.07–6.95 (m, 4H, Ar-
CH), 6.71 (d, J = 3.2 Hz, 1H, bithiophene-CH), 6.67 (d, J = 3.6 Hz, 1H, 
bithiophene-CH), 3.12, 2.95 (each s, each 3H, B-NCH3), 2.58 (s, 6H, Ar-NCH3) 
ppm. 11B NMR (128.38 MHz, C6D6, 300 K, BF3-Et2O):  = 45.6 (br s), 33.8 (br, 
s) ppm. 
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Data for YK184: From 200 mg (0.820 mmol) Cyclic 1,4-diaza-2,3-diborinane 
171 and 211 mg (0.861 mmol) 9-bromoanthracene. 
1H NMR (300.13 MHz, C6D6, 300K, TMS):  = 8.16 (s, 1H, anthracene-CH), 
7.95 (d, 3J = 8.5 Hz, 2H, anthracene-CH), 7.88 (dd, 3J = 8.6 Hz, 4J = 1.1 Hz, 2H, 
anthracene-CH), 7.80 (dd, 3J = 6.5 Hz, 4J = 3.3 Hz, 2H, anthracene-CH), 7.34-
7.28 (m, 2H, Ar-CH), 7.27-7.21 (m, 6H (thereof 4H unidentified side product), 
anthracene-CH) 7.09-7.00 (m, 2H, Ar-CH), 3.07, 2.90 (each s, each 3H, B-
NCH3), 2.18 (s, 6H, Ar-NCH3) ppm. 11B NMR (96.28 MHz, C6D6, 300 K, BF3-
Et2O):  = 47.1 (br s), 33.0 (br, s) ppm. 
Data for YK182: From 129 mg (0.529 mmol) Cyclic 1,4-diaza-2,3-diborinane 
171 and 149 mg (0.530 mmol) 1-bromopyrene. 
1H NMR (300.13 MHz, C6D6, 300K, TMS): Note: Aryl-signals are not listed due 
to signal overlaps beyond interpretation  = 3.10, 2.98 (each s, each 3H, B-
NCH3), 2.33 (s, 6H, Ar-NCH3) ppm. 11B NMR (96.28 MHz, C6D6, 300 K, BF3-
Et2O):  = 46.9 (br s), 33.2 (br, s) ppm. 
 
5.8.6 Synthesis of 2-chloro-1,4-dimethyl-3-para-N,N-dimethylaniline-
1,2,3,4-tetrahydrobenzo[e][1,4,2,3]diazadiborinane 180 
 
YK159_3: Cyclic 1,4-diaza-2,3-diborinane 172 (518 mg, 1.62 mmol, 1 eq.) is 
dissolved in hexane (40 mL) and cooled to 0°C (ice bath). BCl3 solution in 
hexanes (0.74 mL, 1.1 M, 0.814 mmol, 0.5 eq.) is added slowly via syringe. 
Stirring is continued in the ice bath for 40 minutes and 30 minutes at room 
temperature. Removal of solvent and volatile species in vacuo is followed by 
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filtration from toluene. Crystals are grown from a colorless solution in a mixture 
of toluene (3 mL) and hexane (1 mL), affording 256 mg (42%) of the desired 
180. 
1H NMR (300.13 MHz, C6D6, 300K, TMS):  = 7.69 (d, 3J = 8.8 Hz, 2H, Me2N-
PhH), 7.19–7.16 (m, 1H, ArH), 7.14–7.07 (m, 3H, ArH), 6.82 (d, 3J = 8.7 Hz, 2H, 
Me2N-PhH), 3.27 (s, 3H, Ar-NCH3), 3.27 (s, 3H, Ar-NCH3), 2.60 (s, 6H, (CH3)2N-
Ph) ppm. 11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 43.2 (br s) ppm. 
13C NMR (75.47 MHz, C6D6, 300K, TMS):  = 150.7 (s, Me2N-PhCquart.), 137.4 
(s, ArCquart.), 136.3 (s, ArCquart.), 135.4 (s, Me2N-PhCH), 129.3 (s, Me2N-
PhCquart.-B), 122.6 (s, ArCH), 122.3 (s, ArCH), 117.3 (s, ArCH), 117.0 (s, ArCH), 
112.3 (s, Me2N-PhCH), 40.1 (s, (CH3)2N-Ph), 38.2 (s, Ar-NCH3), 34.6 (s, Ar-
NCH3) ppm. UV/Vis (diethylether): max = 334 nm ( = 21235 L mol−1 cm−1), 
255 nm ( = 18680 L mol−1 cm−1), 232 nm ( = 18895 L mol−1 cm−1). Elemental 
analysis: C16H20B2ClN3 (311.43); C 61.34 (calc. 61.71); H 6.27 (6.47); N 13.36 
(13.49) %. MP: 148-153°C (stable). 
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5.8.7 Synthesis of 1,4-dimethyl-3-para-N,N-dimethylaniline-2-
pentaflourphenyl-1,2,3,4-tetrahydrobenzo[e][1,4,2,3]diazadiborinane 181 
 
YK162: Bromopentafluorobenzene (degassed, 44 µL, 0.353 mmol, 1.1 eq.) is 
dissolved in Et2O (5 mL) and cooled to −100°C (ethanol/ liquid nitrogen) before 
nbutyl lithium solution (2.5 M in hexanes, 0.15 mL, 0.375 mmol, 1.15 eq.) is 
added. Stirring is continued for 30 minutes at −100°C. 180 (100 mg, 
0.321 mmol, 1 eq.) is dissolved in toluene (8 mL) and cooled to −100°C 
(ethanol/ liquid nitrogen). The cyclic 1,4-diaza-2,3-diborinane-solution (180) is 
transferred to the anion solution via cannula and the reaction mixture is allowed 
to warm slowly to −45°C. After stirring another hour at room temperature 
removal of solvent and volatile species in vacuo is followed by filtration from 
toluene. Removal of solvent affords 70 mg (49%) as colorless powder of the 
desired 181. 
1H NMR (400.13 MHz, C6D6, 300K, TMS):  = 7.26 (d, 3J = 8.6 Hz, 2H, Me2N-
PhH), 7.24–7.18 (m, 3H, ArH), 7.15–7.11 (m, 1H, ArH), 6.59 (d, 3J = 8.6 Hz, 2H, 
Me2N-PhH), 3.25, 3.08 (each s, each 3H, Ar-NCH3), 2.47 (s, 6H, (CH3)2N-Ph) 
ppm. 11B NMR (128.38 MHz, C6D6, 300 K, BF3-Et2O):  = 45.3 ppm. 13C NMR 
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(100.61 MHz, C6D6, 300K, TMS):  = 149.9 (s, Me2N-PhCquart.), 145.0 (dm, 1JC-
F = 237 Hz, F5PhC-F), 140.4 (dm, 1JC-F = 249 Hz, F5PhC-F), 137.3 (dm, 1JC-
F = 249 Hz, F5PhC-F), 137.8 (s, ArCquart.), 135.8 (s, ArCquart.), 133.2 (s, Me2N-
PhCH), 130.0 (s, Me2N-PhCquart.-B), 123.2, 121.8, 117.1, 116.9 (each s, ArCH), 
116.8 (br s, F5PhC-B), 111.8 (s, Me2N-PhCH), 39.5 (s, (CH3)2N-Ph), 38.3, 37.5 
(each s, Ar-NCH3) ppm. 19F NMR (282.40 MHz, C6D6, 300 K, CFCl3):  = -132.3 
(dd, 2F, 3JF-F = 25 Hz, 4JF-F = 10 Hz, F5Ph-oF), -155.8 (t, 1F, 3JF-F = 21 Hz, 
F5Ph-pF), -162.3 (ddd, 2F, 3JF-F = 25 Hz, 3JF-F = 21 Hz, 4JF-F = 10 Hz, F5Ph-mF) 
ppm. UV/Vis (hexane): max = 349 nm ( = 16875 L mol−1 cm−1), 313 nm 
( = 14960 L mol−1 cm−1), 263 nm ( = 21000 L mol−1 cm−1). Elemental 
analysis: C22H20B2F5N3 (443.04); C 60.58 (calc. 59.64); H 4.78 (4.55); N 9.92 
(9.48) %. MP: 131-135°C (stable). 
 
5.8.8 Synthesis of 4-(1,4-dimethyl-3-(4-nitrophenoxy)-3,4-
dihydrobenzo[e][1,4,2,3]diazadi-borinin-2(1H)-yl)-N,N-dimethylaniline 183 
 
YK165_2: Cyclic 1,4-diaza-2,3-diborinane 180 (185 mg, 0.594 mmol, 1 eq.) is 
dissolved in benzene (15 mL) and para-nitrophenole (82 mg, 0.590 mmol, 1 eq.) 
is suspended in benzene (15 mL). Triethylamine (0.09 mL, 0.620 mmol, 1.04 
eq.) is added to the diborinane solution which is subsequently transferred via 
cannula to the para-nitrophenole suspension. The reaction mixture is stirred for 
1.5 hours. Removal of solvent is followed by filtration from benzene. Solvent is 
removed again. Single crystals of 183 suitable for x-ray diffraction were 
obtained in an NMR-tube from a C6D6-solution.  
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Note: Due to the low solubility of the compound no satisfying signal to noise 
ratio could be achieved in the 13C NMR spectrum. 
1H NMR (400.13 MHz, C6D6, 300K, TMS):  = 7.62 (d, 3J = 9.0 Hz, 2H, Me2N-
PhH), 7.24-7.20 (m, 3H, ArH), 7.14-7.10 (m, 1H, ArH), 6.64 (d, 3J = 8.7 Hz, 2H, 
Me2N-PhH), 6.31-6.26 (m, 4H, O2N-PhH), 3.22, 3.17 (each s, each, 3H, Ar-
NCH3), 2.50 (s, 6H, (CH3)2N-Ph) ppm. 11B NMR (128.38 MHz, C6D6, 300 K, 
BF3-Et2O):  = 44.9 (bs), 33.4 (bs) ppm. UV/Vis (Et2O): max = 316 nm 
( = 25100 L mol−1 cm−1), 259 nm ( = 20675 L mol−1 cm−1), 232 nm 
( = 26235 L mol−1 cm−1). 
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5.9. Synthesis of 1,2-diduryl diboranes(4) 
5.9.1 Synthesis of 1-chloro-2-dimethylamino-1,2-(2,3,5,6-
tetramethylphenyl) diborane(4) 185 
 
YK185_6: 1,2-Dichlorodiduryl diborane(4) 64e (500 mg, 1.39 mmol, 1.0 eq.) is 
dissolved in hexane (30 mL) and cooled to −78°C (isopropanol/ liquid nitrogen). 
N,N-dimethyltrimethylsilylamine (0.223 mL, 1.39 mmol, 1.0 eq.) is added 
dropwise to the diborane(4)-solution via syringe. The reaction mixture is slowly 
allowed to reach room temperature and stirring is continued for 30 minutes. 
Removal of solvent and volatile species in vacuo is followed by filtration from 
hexane. Solvent is removed again which gives 422 mg (83%) of diborane(4) 
185, a colorless solid. 
1H NMR (300.13 MHz, C6D6, 300K, TMS):  = 6.81 (s, 1H, DurH), 6.79 (s, 1H, 
DurH), 2.98 (s, 3H, (CH3)2N), 2.44 (s, 3H, (CH3)2N), 2.06, 2.02, 1.99, 1.83 (each 
s, each 6H, Dur-CH3) ppm. 11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O): 
 = 87.7 (br s), 47.2 (br s) ppm. 13C NMR (100.61 MHz, C6D6, 300K, TMS): 
 = 145.8, 143.2 (each s, DurCquart.-B), 134.3, 133.2, 133.2, 131.8 (each s, 
DurCquart.Me), 131.7, 131.0, (each s, DurCH), 43.3, 40.6 (each s, (CH3)2N), 
19.7, 19.2, 18.6, 18.6 (each s, Dur-CH3) ppm. UV/Vis (hexane): max = 313 nm 
( = 3380 L mol−1 cm−1. Elemental analysis: C22H32B2ClN (367.58); C 71.78 
(calc. 71.89); H 8.67 (8.78); N 3.51 (3.81) %. MP: 123 - 126°C (stable). 
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5.9.2 Synthesis of 2-dimethylamino-1-para-N,N-dimethylaniline-1,2-
(2,3,5,6-tetramethylphenyl) diborane(4) 186 
 
YK187_6: 1-Chloro-2-dimethylamino diduryldiborane(4) 185 (235 mg, 
0.639 mmol, 1.0 eq.) and 4-(dimethylamino)phenyllithium (102 mg, 0.767 mmol, 
1.2 eq.) are mixed as solids and Et2O (30 mL) is added. Stirring is continued 
overnight. Removal of solvent and volatile species in vacuo is followed by 
filtration from hexane. Reducing the filtrate volume gives a yellow solution from 
which 147 mg (51%) of diborane(4) 186 is obtained as yellow amorphous solid 
at −78°C. 
1H NMR (300.13 MHz, C6D6, 300K, TMS):  = 8.07 (d, 3J = 7.5 Hz, 2H, Me2N-
PhH), 6.92 (s, 1H, DurH), 6.85 (s, 1H, DurH), 6.53 (d, 3J = 8.8 Hz, 2H, Me2N-
PhH), 3.17, 2.72 (each s, each 3H, (CH3)2N), 2.45 (s, 6H, (CH3)2N-Ph), 2.17, 
2.12 (each s, each 6H, Dur-CH3), 2.36, 1.76 (each br. s, each 6H, Dur-CH3) 
ppm. 11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 87.1 (br s), 53.2 (br. s) 
ppm. 13C NMR (100.61 MHz, C6D6, 300K, TMS):  = 153.8 (s, Me2N-
PhCquart.),150.2, 146.5 (each s, DurCquart.-B), 142.6 (s, Me2N-PhCH), 134.0, 
132.5, 132.2, 132.0 (each s, DurCquart.Me), 130.7, (s, Me2N-PhCquart.-B) 130.1, 
129.5, (each s, DurCH), 111.2 (s, Me2N-PhCH), 45.2, 41.0 (each s, (CH3)2N), 
39.4 (s, (CH3)2N-Ph), 19.9, 19.6, 19.2, 18.5 (each s, Dur-CH3) ppm. UV/Vis 
(hexane): max = 337 nm ( = 44020 L mol−1 cm−1), 242 nm 
( = 15780 L mol−1 cm−1). Elemental analysis: C30H42B2N2 (452.30); C 79.39 
(calc. 79.67); H 9.20 (9.36); N 5.83 (6.19) %. MP: 152-157°C (stable). 
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5.9.3 Synthesis of 2-chloro-1-para-N,N-dimethylaniline-1,2-(2,3,5,6-
tetramethylphenyl) diborane(4) 187 
 
YK124_5: 1,2-Dichlorodiduryl diborane(4) 64e (1.00 g, 2.79 mmol, 1.0 eq.) is 
dissolved in toluene (10 mL) and 4-(dimethylamino)phenyl lithium (330 mg, 
2.79 mmol, 1.0 eq.) is dissolved in Et2O (10 mL). Both are cooled to −78°C 
(isopropanol/ liquid nitrogen). The anion solution is added to the diborane(4) 
solution via cannula. Stirring is continued for 10 minutes. Then the reaction 
mixture is allowed to reach room temperature. Removal of solvent and volatile 
species in vacuo is followed by filtration from hexane. Reducing the filtrate 
volume gives a yellow solution from which 553 mg (45%) of diborane(4) 187 are 
obtained as yellow amorphous solid at −26°C. Recrystallization from toluene at 
−26°C affords single crystals. 
1H NMR (300.13 MHz, C6D6, 300K, TMS):  = 8.09 (d, 3J = 8.8 Hz, 2H, Me2N-
PhH), 6.91 (s, 1H, DurH), 6.83 (s, 1H, DurH), 6.43 (d, 3J = 8.9 Hz, 2H, Me2N-
PhH), 2.36 (s, 6H, (CH3)2N-Ph), 2.10, 2.08, 2.06, 2.00 (each s, each 6H, Dur-
CH3) ppm. 11B NMR (96.29 MHz, C6D6, 300 K, BF3-Et2O):  = 84.2 (br s) ppm. 
13C NMR (75.47 MHz, C6D6, 300K, TMS):  = 154.3 (s, Me2N-PhCquart.),146.6, 
145.7 (each s, DurCquart.-B), 142.4 (s, Me2N-PhCH), 133.5, 133.3, 132.5, 132.0 
(each s, DurCquart.Me), 131.9, 130.6, (each s, DurCH), 129.0 (s, Me2N-PhCquart.-
B), 111.4 (s, Me2N-PhCH), 39.2 (s, (CH3)2N-Ph), 20.0, 19.3, 19.2, 19.0 (each s, 
Dur-CH3) ppm. UV/Vis (hexane): max = 347 nm ( = 33775 L mol−1 cm−1). 
Elemental analysis: C28H36B2ClN (443.67); C 76.82 (calc. 75.80); H 7.99 
(8.18); N 2.50 (3.16) %. MP: 160°C (rearrangement). 
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5.9.4 Synthesis of 1,2-para-N,N-dimethylaniline-1,2-(2,3,5,6-
tetramethylphenyl) diborane(4) 188 
 
YK134_4: 1,2-Dibromodiduryl diborane(4) 64f (500 mg, 1.12 mmol, 1.0 eq.) and 
(4-(dimethylamino)phenyl lithium (419 mg, 3.14 mmol, 2.8 eq.) are mixed as 
solids and dissolved in Et2O (60 mL). Stirring is continued for two days. 
Removal of solvent and volatile species in vacuo is followed by filtration from 
hexane. Reducing the filtrate volume gives a yellow solution from which 110 mg 
(19%) of diborane(4) 188 are obtained as yellow microcrystalline solid. 
1H NMR (300.13 MHz, C6D6, 300K, TMS):  = 8.21 (d, 3J = 8.1 Hz, 4H, Me2N-
PhH), 6.95 (s, 2H, DurH), 6.53 (d, 3J = 8.9 Hz, 4H, Me2N-PhH), 2.45 (s, 12H, 
(CH3)2N-Ph), 2.17 (s, 12H, Dur-CH3), 2.00 (br. s, 12H, Dur-CH3) ppm. 11B NMR 
(96.29 MHz, C6D6, 343 K, BF3-Et2O):  = 87.1 (s) ppm. 13C NMR (100.61 MHz, 
C6D6, 300K, TMS):  = 153.8 (s, Me2N-PhCquart.),150.0 (s, DurCquart.-B), 143.0 
(s, Me2N-PhCH), 132.6, 132.1 (each s, DurCquart.Me), 131.3, (s, Me2N-PhCquart.-
B), 129.8 (s, DurCH), 111.2 (s, Me2N-PhCH), 39.4 (s, (CH3)2N-Ph), 19.6, 19.6, 
(each s, Dur-CH3) ppm. UV/Vis (hexane): max = 341 nm 
( = 48225 L mol−1 cm−1), 279 nm ( = 13895 L mol−1 cm−1), 244 nm 
( = 17130 L mol−1 cm−1). Elemental analysis: C36H46B2N2 (528.40); C 81.87 
(calc. 81.83); H 8.80 (8.78); N 4.80 (5.30) %. MP: >230°C (stable). 
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5.9.5 Attempted Synthesis of 1-para-N,N-dimethylaniline-2-
pentafluorophenyl-1,2-(2,3,5,6-tetramethylphenyl) diborane(4) 189 
 
YK188_2: Bromopentafluorobenzene (degassed, 0.025 mL, 0.199 mmol, 
1.05 eq.) is dissolved in Et2O (5 mL) and cooled to −100°C (ethanol/ liquid 
nitrogen) before nbutyl lithium solution (2.5 M in hexanes, 0.08 mL, 0.208 mmol, 
1.1 eq.) is added. Stirring is continued for 45 minutes at −100°C. Diborane(4) 
187 (84 mg, 0.189 mmol, 1 eq.) is dissolved in Et2O (5 mL) and cooled to 
−100°C (ethanol/ liquid nitrogen). The diborane(4)-solution (187) is transferred 
to the anion solution via cannula and the reaction mixture is allowed to warm 
slowly to room temperature overnight. An NMR sample is analyzed. 1H and 11B 
NMR spectra show resonances of the starting material and unidentified 
decomposition products of the anion. 
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5.9.6 Synthesis of 2-chloro-1-pentafluorophenyl-1,2-(2,3,5,6-
tetramethylphenyl) diborane(4) 190 
 
YK189_2: Bromopentafluorobenzene (degassed, 0.17 mL, 1.38 mmol, 1.0 eq.) 
is dissolved in Et2O (30 mL) and cooled to −100°C (ethanol/ liquid nitrogen) 
before nbutyl lithium solution (2.5 M in hexanes, 0.61 mL, 1.52 mmol, 1.1 eq.) is 
added. Stirring is continued for 30 minutes at −100°C. 64e (495 mg, 1.38 mmol, 
1 eq.) is dissolved in toluene (30 mL) and cooled to −100°C (ethanol/ liquid 
nitrogen). The diborane(4)-solution (64e) is transferred to the anion solution via 
cannula and the reaction mixture is allowed to warm slowly to −45°C. After 
stirring another hour at room temperature removal of solvent and volatile 
species in vacuo is followed by filtration from hexane. An NMR sample of the 
crude 190 is analyzed. 
1H NMR (300.13 MHz, C6D6, 300K, TMS):  = 6.84, 6.82 (each s, altogether 2H, 
DurH), 2.00, 1.98, 1.90, 1.88 (each s, each 6H, Dur-CH3) ppm. 11B NMR 
(96.29 MHz, C6D6, 343 K, BF3-Et2O):  = 87.7 (s) ppm. 19F NMR (282.40 MHz, 
C6D6, 300 K, CFCl3):  = −120.2-−120.4 (m, 2F, F5Ph-oF), −142.5 (tt, 1F, 3JF-
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7.1 Overview of numbered compounds 
Table 5. Numbered compounds (introduction). 
Compound Number 
 
1a: Ar = Ph, R = SiMe3, R’ = Br;  
1b: Ar = Ph, R = SiMe3, R’ = Cl;  
1c: Ar = Ph, R = Cy, R’ = Cl;  
1d: Ar = Ph, R = iPr, R’ = Br;  
1e: Ar = C6F5, R = tBu, R’ = C6F5;  
1f: Ar = C6F5, R = iPr, R’ = C6F5;  
1g: Ar = C6F5, R = SiMe3, R’ = C6F5; 
1h: Ar = C6F5, R = Dip, R’ = C6F5;  
1i: Ar = Mes*, R = Cy, R’ = Cl; 
 
3a: Alk = Me, R = R’ = Cy, BR’’2 = 
BCl2;  
3b: Alk = Me, R = R’ = iPr, BR’’2 = 
BCl2;  
3c: Alk = Me, R = Dip, R’ = C6F5, BR’’2 
= B(C6F5)2;  
3d: Alk = Me, R = Dip, R’ = p-Ph-CN, 
BR’’2 = B(C6F5)2;  
3e: Alk = nBu, R = R’ = tBu, BR’’2 = 
BClPh;  
3f: Alk = nBu, R = R’ = Cy, BR’’2 = 
BClPh;  
3g: Alk = tBu, R = R’ = Cy, BR’’2 = 
BClPh;  
3h: Alk = tBu, R = R’ = 2,6-diisopropyl-















9a: R = Me; 9b: R = SnMe3 
 
2 a: R = Me, R’ = iPr, R’’ = CF3;  
2b: R = Me, R’ = Cy, R’’ = CF3;  
2c: R = Me, R’ = Ph, R’’ = CF3,  
2d: R = Me, R’ = p-Tol, R’’ = CF3;  
2e: R = Me, R’ = p-MeO-Ph, R’’ = CF3; 
2f: R = Me, R’ = Dip, R’’ = Br;  
2g: R = Me, R’ = iPr, R’’ = Nrb;  
2h: R = Me, R’ = Cy, R’’ = Nrb;  
2i: R = Me, R’ = iPr, R’’ = Cy;  
2j: R = Me, R’ = Cy, R’’ = Cy;  
2k: R = Me, R’ = Dip, R’’ = Cy;  
2l: R = Ph, R’ = Mes, R’’ = Cl;  
2m: R = Ph, R’ = Dip, R’’ = Cl,  
2n: R = SiMe3, R’ = Cy, R’’ = Cl;  
2o: R = iPr, R’ = Dip, R’’ = Br;  
2p: R = Cy, R’ = Dip, R’’ = Br;  
2q: R = iPr, R’ = Cy, R’’ = Cl;  
2r: R = Cy, R’ = Cy, R’’ = Cl; 
 
10a: R = iPr, R’ = H, R’’ = iPr, R’’’ = 
Ph;  
10b: R = iPr, R’ = H, R’’ = iPr, R’’’ = p-
Tol;  









12a: X = Cl, R = SiMe3;  
12b: X = Ph, R = SiMe3;  
12c: X = Cl, R = Cy;  
12d: X = Ph, R = Cy; 
 
13: R = SiMe3 
 
14a: R = iPr, E = O;  
14b: R = tBu, E = O;  
14c: R = iPr, E = NtBu;  
14d: R = tBu, E = NtBu; 
 
15a: E = O; 15b: E = NiPr 
 
16a: saturated C-E bond, R = iPr, R’ = 
Ph, E = O;  
16b: saturated C-E bond, R = tBu, R’ 
= Ph, E = O;  
16c: C-E double bond, R = iPr, R’ = 






19a: Ar’ = 2,6-Me2-Ph;  




20a: Ar’ = 2,6-Me2-Ph, BR2 = BCy2, Ar 
= Ph-p-tBu, E = H;  
20b: Ar’ = 4-OMe-Ph, BR2 = BCy2, Ar 
= Ph-p-tBu, E = H;  
20c: Ar’ = 2,6-Me2-Ph, BR2 = BCy2, Ar 
= Ph-p-tBu, E = BCy2;  
20d: Ar’ = 4-OMe-Ph, BR2 = BCy2, Ar 
= Ph-p-tBu, E = BCy2;  
20e: Ar’ = 2,6-Me2-Ph, BR2 = BNrb, Ar 
= Ph-p-Me, E = BNrb;  
20f: Ar’ = 4-OMe-Ph, BR2 = BNrb, Ar 
= Ph-p-Me, E = BNrb 
 
21a: Ar’ = 2,6-Me2-Ph, BR2 = BCy2, Ar 
= Ph-p-tBu, E = H; 
 21b: Ar’ = 4-OMe-Ph, BR2 = BCy2, Ar 
= Ph-p-tBu, E = H; 
 
22a: Ar = Ph-p-tBu 
 




24a Ar = Ph-p-tBu 
 




24b Ar = Ph-p-Me 
 
26 Ar = Ph-p-Me 
 








31a: R = NiPr2; 31b: R = Ph 
 
32a (R = Cy) and 32b (R = iPr 
 
33 
















41a: R = NCy2;  






42a: R = tBu;  
42b: R = NCy2;  
42c: R = NiPr2;  
42d: R = 2,6-dimethylpiperidine 
 
43a: E = Ga;  
43b: E = In;  
43c: E = Tl 
 
44a: saturated backbone, Ar = Dip; 
44b: saturated backbone, Ar = Mes; 
44c: unsaturated backbone, Ar = Dip; 
44d: unsaturated backbone, Ar = Mes; 
44e: phenyl fused backbone, Ar = Dip; 
44f: phenyl fused backbone, Ar = Mes 
 
45a: R = tBu, R’ = H;  
45b: R = Dip, R’ = H;  
45c: R = Dip, R’ = Me;  
45d: R = 2,6-(di-4-tert-




47a: R = Me;  




49a: R = Me, Ar = Ar’ = Dip;  
49b: R = Me, Ar = Dip, Ar’ = 2-
methoxyphenyl;  
49c: R = CF3, Ar = Ar’ = Dip 
 
50a: R = Me, R’ = 2,6-dimethylphenyl, 
R’’ = H;  
50b: R = Ph, R’ = SiMe3, R’’ = H;  
50c: R = H, R’ = Dip, R’’ = Ph;  
50d: R = Me, R’ = Dip, R’’ = H;  
50e: R = Me, R’ = 2,6-difluorphenyl, 










54a (X = Cl) and 54b (X = Br) 
 
55a: R = nBu, 55b: R = tBu, 55c: R = 
allyl, 55d: R = Ph, 55e: Mes, 55f: R = 
1-ind, 55g: R = Cp, 55h: R = flu, 55i: 
R = Tip, 55j: R = An, 55k: R = Dur, 
55l: R = 4-tbutyl-2,6-dimethylphenyl, 
55m: R = 2,5-di-tbutylphenyl, 
 
56a: R = tBu, X = Cl,  
56b: R = allyl, X = Cl,  
56c:R = Mes, X = Br,  
56d: R = 1-ind, X = Cl,  
56e:R = tBu, X = Br,  
56f: R = Cp, X = Br,  
56g: R = flu, X = Br,  
56h: R = octaflu, X = Br, 
 
57a: R = tBu, R’ = Ph,  
57b: R = tBu, R’ = Npth,  
57c: R = flu, R’ = Cp,  
57d: R = octaflu, R = Cp,  
57e: R = Mes, R’ = Ph 
 
58a: R = R’ = H,  
58b: R = Me, R’ = H,  




59a: R = R’ = H,  
59b: R = Me, R’ = H,  




61: R = CC-Ph 
 
62a: R = nBu,  
62b: R = Ph,  
62c: R = Et 
 
63: R = Et 
 
64a: R = tBu, X = Cl;  
64b: R = tBu, X = Br;  
64c: R = Mes, X = Cl,  
64d: R = Mes, X = Br;  
64e: R = Dur, X = Cl; 
64f: R = Dur, X = Br;  
64g: R = 4-tbutyl-2,6-dimethylphenyl, 
X = Cl;  
64h: R = 2,5-di-tbutylphenyl, X = Cl; 
 
65a: R = Mes;  
65b: R = Dur;  
65c: R = 4-tbutyl-2,6-dimethylphenyl; 




67a: R = tBu;  
67b: R = Mes 
 
68: R = tBu, R’ = CH2tBu 
 
69a: R = tBu;  
69b: R = Mes;  




70a: R = tBu, R’ = CH2tBu;  
70b: R = tBu, R’ = Me;  
70c: R = Mes, R’ = CH2SiMe3;  






73a: R = nPr,  








77a: R = nPr,  




79a: Ar = Mes,  




80: Ar = Mes, X = I 
 
81a: Ar = Mes, X = Cl, L = SIMes, 
81b: Ar = Mes, X = Br, L = PEt3,  
81c: Ar = Mes, X = Br, L = PCy2Me, 
81d: Ar = Mes, X = Cl, L = PEt3,  
81e: Ar = Mes, X = I, L = PEt3,  
81f: Ar = Mes, X = Cl, L = PCy2Me, 
81g: Ar = Mes, X = I, L = PCy2Me, 
81h: Ar = Mes, X = Br, L = SIMes,  
81i: Ar = Mes, X = Cl, L = IDip,  
81j: Ar = Mes, X = Cl, L = CAACMe, 
81k: Ar = Mes, X = Br, L = CAACMe, 
81l: Ar = Dur, X = Cl, L = CAACMe, 
81m: Ar = Dur, X = Br, L = CAACMe 
 
82: R = NEt2, X = Br; 
 
83a: R = NMe2, R’ = Me;  
83b: R = NEt2, R’ = Me;  
83c: R = NMe2, R’ = Mes;  
83d: R = NMe2, R’ = Dip;  
83e: R = NMe2, R’ = 2,6-
dimethylphenyl;  
83f: R = NMe2, R’ = 2,4-
dimethylphenyl;  
83g: R = NMe2, R’ = benzyl;  
83h: R = NMe2, R’ = p-tolyl;  
83i: R = Mes, R’ = p-tolyl; 
 
84a: R’ = 2,6-dimethylphenyl;  
84b: R’ = 2,4-dimethylphenyl;  
84c: R’ = p-tolyl;  
84d: cyclohexyl-backbone, R’ = H. 
 
85a: R = NMe2, R’ = 2,4-
dimethylphenyl;  
85b: R = NMe2, R’ = Mes;  
85c: R = NMe2, R’ = 2,6-
dimethylphenyl;  
85d: R = NMe2, R’ = p-tolyl;  
85e: R = Mes, R’ = p-tolyl;  
85f: R = Dur, R’ = p-tolyl;  








88a: R’ = Mes;  
88b: R’ = 2,6-dimethylphenyl 
 
89a: Ar = Mes, X = H;  
89b: Ar = Mes, X = Cl;  
89c: Ar = Mes, X = Br;  
89d: Ar = Mes, X = I;  
89e: Ar = 2,6-dimethylphenyl, X = Cl; 
89f: Ar = 2,6-dimethylphenyl, X = Br; 
89g: Ar = p-tolyl, X = Cl;  
89h: Ar = p-tolyl, X = Br 
 
90a: Ar = Mes, X = H;  
90b: Ar = Mes, X = Cl;  
90c: Ar = Mes, X = Br;  
90d: Ar = 2,6-dimethylphenyl, X = Cl; 
90e: Ar = 2,6-dimethylphenyl, X = Br; 
90f: Ar = p-tolyl, X = Cl;  
90g: Ar = p-tolyl, X = Br 
 
91a: R = H;  
91b: R = Me;  
91c: R = tBu 
 
92a: R = H;  








95a: R = Dur, L = IMe;  
95b: R = Mes, L = PEt3;  
95c: R = iPr, L = IiPr;  
95d: R = 4,4-dimethylpent-2-en-2-yl, L 
= IiPr; 
 
96a: R = Dur, L = IMe;  
96b: R = Mes, L = PEt3;  
96c: R = iPr, L = IiPr;  





98a: R = R’ = R’’ = CH2C(CH3);  
98b: R = R’ = R’’ = CH2C(CD3);  
98c: R = R’ = R’’ = C(CH3),  
98d: R = OMe, R’ = R’’ = Mes;  
98e: R = R’ = Mes, R’’ = Ph;  
98f: RR’B = pinB, R = R’’ = Mes; 
 
99a: R = R’ = Mes, R’’ = Ph;  
99b: R = NMe2, R’ = R’’ = Ph;  
99c: R = R’ = R’’ = o-tol 
 
100a: R = R’ = R’’ = CH2C(CH3);  
100b: R = R’ = R’’ = CH2C(CD3);  
100c: R = R’ = R’’ = C(CH3);  
























X = Cl, 
104b: 















































































































































136 BCl3 197 
 
137 Bu3SiH 198 
 
138 Me2NH 199 






































































7.2 11B NMR signals of diboranes(4) 
Table 7. Reviewed diboranes(4) and their 11B NMR chemical shifts. 




X = Cl: 37.5[293] 
X = Br: 38.0[293] 
 
R = allyl, X = Cl: 43.3 (only one signal, which is often 
observed for monochlorinated diboranes(4))[99] 
R = Mes, X = Br: 47.4, 41.4[95] 
R = 3-ind, X = Cl: 43.6[103] 
R = tBu, X = Br: 49.4, 42.3[105] 
R = Cp, X = Br: 41.0[106] 
R = flu, X = Br: 43.0[106] 
R = Octaflu, X = Br: 42[109] 
 
 
R = nBu: 52.1[114] 
R = tBu: 54.6[98] 
R = allyl: 49.9[99] 
R = Ph: 49.3[95] 
R = Mes: 55[98]/ 50.2[95] 
R = 1-ind: 48.6[103] 
R = flu: 47.5[114]/ 48.1[107] 
R = Tip: 55[98]/ 49.6[108] 
R = An:52.1[110,111] 
R = Dur:50[98] 
R = 4-tBu-2,6-Me2-Ph: 50[98] 
R = 2,5-tBu2-Ph: 56[98] 
R = CC-Ph: 37.1[114] 
 
R = tBu, R’ = Ph: 53.0, 50.4[105] 
R = flu, R’ = Cp: 47.4[106] 




R = R’ = H: 44[112,113] 
R = H, R’ = Me: 43.8[105] 






R = Mes: 62[98]/ 61[120] 
R = Dur: 61[98] 
R = 4-tbutyl-2,6-dimethylphenyl: 59[98] 




R = tBu, X = Cl: 85[98] 
R = Mes, X = Cl:85[98] 
R = Mes, X = Br: 86[104] 
R = Dur, X = Cl: 87[98] 




R = tBu, R’ = CH2tBu: 104[118,119] 
R = Mes, R’ = CH2SiMe3: 100[120] 






R = nPr: 84.1, 74.3[123,124] 
R = Ph:85.6[123,124] 
 
Ar = Dur: 82, 29[126,127] 
Ar = Mes: similar to Dur[126,127] 
 
R = NMe2, R’ = Me: 34.9[133] 
R = NEt2, R’ = Me: 35.1[133] 
R = NMe2, R’ = Mes: 33.4[135], 34[134] 
R = NMe2, R’ = Dip: 33[134] 
R = NMe2, R’ = 2,6-dimethylphenyl: 37[134]  
R = NMe2, R’ = 2,4-dimethylphenyl: 34[134]  
R = NMe2, R’ = benzyl: 37[134]  
R = NMe2, R’ = p-tolyl: 35[134]  
R = Mes, R’ = p-tolyl: 47[134] 
 
R’ = 2,6-dimethylphenyl: 37[134]  
R’ = 2,4-dimethylphenyl: 34[134]  
R’ = p-tolyl: 34[134]  
cyclohexyl-backbone, R’ = H: 30.7[136] 
 
R = NMe2, R’ = 2,4-dimethylphenyl: 32[137] 
R = NMe2, R’ = Mes: 34.1[135]  
R = NMe2, R’ = 2,6-dimethylphenyl: 33.5[138]  
R = NMe2, R’ = p-tolyl: 34.1[138]  
R = Mes, R’ = p-tolyl:48[137]  
R = Dur, R’ = p-tolyl: 47[137] 
R = NMe2, R’ = tBu: 36.7[138] 
 
R’ = Mes: 49.0[138] 
R’ = 2,6-dimethylphenyl: 40.5[138] 
 
Ar = Mes, X = H, sat: 44.0[135] 
Ar = Mes, X = H, unsat: 45.1[135]   
Ar = Mes, X = Cl, unsat.: 40.9[138]  
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Ar = Mes, X = Br, unsat.: 42.0[138] 
Ar = Mes, X = I, unsat.: 41.4[138]  
Ar = 2,6-dimethylphenyl, X = Cl, unsat.:40.5[138]  
Ar = 2,6-dimethylphenyl, X = Br, unsat.: 41.4[138]  
Ar = p-tolyl, X = Cl, unsat.: 40.5[138]  




Ar = Mes, X = H, sat: 45.8, 30.5[135] 
Ar = Mes, X = H, unsat: 45.3, 31.7[135]  
Ar = Mes, X = Cl, unsat.: 41.1, 30.7[138]  
Ar = Mes, X = Br, unsat.:  40.7, 31.1[138] 
Ar = 2,6-dimethylphenyl, X = Cl, unsat.: 40.7, 30.4[138]  
Ar = 2,6-dimethylphenyl, X = Br, unsat.: 40.4, 31.0[138]  
Ar = p-tolyl, X = Cl, unsat.: 40.6, 31.6[138]  
Ar = p-tolyl, X = Br, unsat.: 40.1, 32.0[138] 
 
R = H: 33.4[139]  
R = Me: 32.7[139]  







7.3 Crude product 1H NMR spectra of reactions between 91 and 
various aryl lithium compounds 
 
 








































Figure 99. UV/Vis spectra of 1,2-bis(dimethylamino) diborane(4) 156 in hexane at different 
concentrations (0.7 mM – 1 mM). 
 
 
Figure 100. Determination of  (13200 M-1 cm-1) by linear regression of absorbance ( = 
282 nm) of 156 against concentration. 
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7.4.2 1,2-bis(dimethylamino)-1,2-bis(para-N,N-dimethylaniline) diborane(4) 
157 
 
Figure 101. UV/Vis spectra of 1,2-bis(dimethylamino) diborane(4) 157 in hexane at different 
concentrations (0.6 mM – 0.9 mM). 
 
 
Figure 102. Determination of  (34900 M-1 cm-1) by linear regression of absorbance ( = 




pentafluorphenyl diborane(4) 161 
 
Figure 103. UV/Vis spectra of 1,2-bis(dimethylamino) diborane(4) 161 in diethylether at 
different concentrations (0.4 mM – 1 mM). 
 
 
Figure 104. Determination of  (17300 M-1 cm-1) by linear regression of absorbance ( = 







Figure 105. UV/Vis spectra of cyclic 1,4-diaza-2,3-diborinane 166 in hexane at different 
concentrations (0.6 mM – 0.9 mM). 
 
 
Figure 106. Determination of  (11800 M-1 cm-1) by linear regression of absorbance ( = 




Figure 107. Determination of  (12100 M-1 cm-1) by linear regression of absorbance ( = 
308 nm) of 166 against concentration. 
 
 
Figure 108. Determination of  (9840 M-1 cm-1) by linear regression of absorbance ( = 272 nm) 




Figure 109. Determination of  (34900 M-1 cm-1) by linear regression of absorbance ( = 





Figure 110. UV/Vis spectra of cyclic 1,4-diaza-2,3-diborinane 169 in diethylether at different 




Figure 111. Determination of  (35500 M-1 cm-1) by linear regression of absorbance ( = 
342 nm) of 169 against concentration. 
 
 
Figure 112. Determination of  (34700 M-1 cm-1) by linear regression of absorbance ( = 





Figure 113. Determination of  (27300 M-1 cm-1) by linear regression of absorbance ( = 





Figure 114. UV/Vis spectra of cyclic 1,4-diaza-2,3-diborinane 170 in diethylether at different 




Figure 115. Determination of  (15800 M-1 cm-1) by linear regression of absorbance ( = 
327 nm) of 170 against concentration. 
 
 
Figure 116. Determination of  (14800 M-1 cm-1) by linear regression of absorbance ( = 





Figure 117. Determination of  (24900 M-1 cm-1) by linear regression of absorbance ( = 
243 nm) of 170 against concentration. 
 
 
Figure 118. Determination of  (35000 M-1 cm-1) by linear regression of absorbance ( = 







Figure 119. UV/Vis spectra of cyclic 1,4-diaza-2,3-diborinane 172 in hexane at different 
concentrations (0.4 mM – 0.7 mM). 
 
 
Figure 120. Determination of  (15800 M-1 cm-1) by linear regression of absorbance ( = 




Figure 121. Determination of  (14800 M-1 cm-1) by linear regression of absorbance ( = 
315 nm) of 172 against concentration. 
 
 
Figure 122. Determination of  (24900 M-1 cm-1) by linear regression of absorbance ( = 




Figure 123. Determination of  (35000 M-1 cm-1) by linear regression of absorbance ( = 





Figure 124. UV/Vis spectra of cyclic 1,4-diaza-2,3-diborinane 180 in diethylether at different 




Figure 125. Determination of  (21200 M-1 cm-1) by linear regression of absorbance ( = 
334 nm) of 180 against concentration. 
 
 
Figure 126. Determination of  (18700 M-1 cm-1) by linear regression of absorbance ( = 





Figure 127. Determination of  (18900 M-1 cm-1) by linear regression of absorbance ( = 





Figure 128. UV/Vis spectra of cyclic 1,4-diaza-2,3-diborinane 181 in hexane at different 




Figure 129. Determination of  (16900 M-1 cm-1) by linear regression of absorbance ( = 
349 nm) of 181 against concentration. 
 
 
Figure 130. Determination of  (15000 M-1 cm-1) by linear regression of absorbance ( = 




Figure 131. Determination of  (21000 M-1 cm-1) by linear regression of absorbance ( = 






























Figure 132. UV/Vis spectra of cyclic 1,4-diaza-2,3-diborinane 183 in diethylether at different 




Figure 133. Determination of  (25100 M-1 cm-1) by linear regression of absorbance ( = 
316 nm) of 183 against concentration. 
 
 
Figure 134. Determination of  (20700 M-1 cm-1) by linear regression of absorbance ( = 





Figure 135. Determination of  (26200 M-1 cm-1) by linear regression of absorbance ( = 





Figure 136. UV/Vis spectra of 1,2-diduryl diborane(4) 185 in hexane at different concentrations 





Figure 137. Determination of  (3380 M-1 cm-1) by linear regression of absorbance ( = 313 nm) 
of 185 against concentration. 
 
7.4.12 2-dimethylamino1-para-N,N-dimethylaniline-1,2-(2,3,5,6-tetramethyl-
phenyl) diborane(4) 186 
 
Figure 138. UV/Vis spectra of 1,2-diduryl diborane(4) 186 in hexane at different concentrations 





Figure 139. Determination of  (44000 M-1 cm-1) by linear regression of absorbance ( = 
337 nm) of 186 against concentration. 
 
 
Figure 140. Determination of  (15800 M-1 cm-1) by linear regression of absorbance ( = 







Figure 141. UV/Vis spectra of 1,2-diduryl diborane(4) 187 in hexane at different concentrations 
(0.2 mM – 0.8 mM). 
 
 
Figure 142. Determination of  (33800 M-1 cm-1) by linear regression of absorbance ( = 







Figure 143. UV/Vis spectra of 1,2-diduryl diborane(4) 188 in hexane at different concentrations 
(0.2 mM – 0.8 mM). 
 
 
Figure 144. Determination of  (48200 M-1 cm-1) by linear regression of absorbance ( = 





Figure 145. Determination of  (13900 M-1 cm-1) by linear regression of absorbance ( = 
279 nm) of 188 against concentration. 
 
 
Figure 146. Determination of  (17100 M-1 cm-1) by linear regression of absorbance ( = 




7.5 Crystal data and structure refinement 
7.5.1 (E)-N,N'-bis(2,6-diisopropylphenyl)-N-(trimethylsilyl)benzimidamide 
103 
Identification code  sh3831 
Empirical formula  C34 H48 N2 Si 
Formula weight  512.83 
Temperature  152(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P21 
Unit cell dimensions a = 12.1798(5) Å = 90°. 
 b = 14.4172(7) Å = 104.6193(15)°. 
 c = 18.5891(7) Å  = 90°. 
Volume 3158.5(2) Å3 
Z 4 
Density (calculated) 1.078 Mg/m3 
Absorption coefficient 0.098 mm-1 
F(000) 1120 
Crystal size 0.229 x 0.227 x 0.044 mm3 
Theta range for data collection 1.132 to 26.786°. 
Index ranges -15<=h<=15, -18<=k<=18, -23<=l<=23 
Reflections collected 38933 
Independent reflections 13447 [R(int) = 0.0415] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7454 and 0.7071 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 13447 / 1 / 689 
Goodness-of-fit on F2 1.023 
Final R indices [I>2sigma(I)] R1 = 0.0464, wR2 = 0.0872 
R indices (all data) R1 = 0.0725, wR2 = 0.0970 
Absolute structure parameter -0.05(5) 
Extinction coefficient n/a 





Identification code  sh3848a 
Empirical formula  C31 H39 B Cl2 N2 
Formula weight  521.35 
Temperature  293(2) K 
Wavelength  0.71073 Å 
Crystal system  Trigonal 
Space group  P3121 
Unit cell dimensions a = 14.597(2) Å = 90°. 
 b = 14.597(2) Å = 90°. 
 c = 12.0020(15) Å  = 120°. 
Volume 2214.7(7) Å3 
Z 3 
Density (calculated) 1.173 Mg/m3 
Absorption coefficient 0.241 mm-1 
F(000) 834 
Crystal size 0.815 x 0.681 x 0.158 mm3 
Theta range for data collection 1.611 to 26.785°. 
Index ranges -18<=h<=18, -18<=k<=17, -15<=l<=15 
Reflections collected 34470 
Independent reflections 3132 [R(int) = 0.1334] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7454 and 0.6757 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 3132 / 0 / 170 
Goodness-of-fit on F2 1.003 
Final R indices [I>2sigma(I)] R1 = 0.0936, wR2 = 0.2162 
R indices (all data) R1 = 0.1458, wR2 = 0.2431 
Absolute structure parameter 0.0(3) 
Extinction coefficient n/a 
Largest diff. peak and hole 1.777 and -0.649 e.Å-3 
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7.5.3 (E)-N,N’-di-tert-butyl-N-(dichloro-boryl)benzimidamide 119 
Identification code  sh4371_a 
Empirical formula  C15 H23 B Cl2 N2 
Formula weight  313.06 
Temperature  140(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  C2/c 
Unit cell dimensions a = 14.2713(5) Å = 90°. 
 b = 10.6734(4) Å = 116.7160(10)°. 
 c = 12.4297(4) Å  = 90°. 
Volume 1691.21(10) Å3 
Z 4 
Density (calculated) 1.230 Mg/m3 
Absorption coefficient 0.376 mm-1 
F(000) 664 
Crystal size 0.371 x 0.222 x 0.072 mm3 
Theta range for data collection 2.489 to 31.536°. 
Index ranges -20<=h<=20, -15<=k<=15, -18<=l<=18 
Reflections collected 17930 
Independent reflections 2821 [R(int) = 0.0250] 
Completeness to theta = 25.242° 99.9 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7462 and 0.7098 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 2821 / 0 / 96 
Goodness-of-fit on F2 1.024 
Final R indices [I>2sigma(I)] R1 = 0.0278, wR2 = 0.0712 
R indices (all data) R1 = 0.0321, wR2 = 0.0747 
Extinction coefficient n/a 





Identification code  sh4305 
Empirical formula  C32 H36 B Cl4 F5 N2 
Formula weight  696.24 
Temperature  132(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P21/c 
Unit cell dimensions a = 20.5392(4) Å = 90°. 
 b = 9.9043(2) Å = 104.4440(10)°. 
 c = 17.4491(4) Å  = 90°. 
Volume 3437.41(13) Å3 
Z 4 
Density (calculated) 1.345 Mg/m3 
Absorption coefficient 0.396 mm-1 
F(000) 1440 
Crystal size 0.196 x 0.156 x 0.124 mm3 
Theta range for data collection 1.024 to 31.564°. 
Index ranges -29<=h<=30, -14<=k<=11, -23<=l<=25 
Reflections collected 34020 
Independent reflections 11480 [R(int) = 0.0452] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7462 and 0.7186 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 11480 / 0 / 533 
Goodness-of-fit on F2 1.028 
Final R indices [I>2sigma(I)] R1 = 0.0550, wR2 = 0.1301 
R indices (all data) R1 = 0.0935, wR2 = 0.1507 
Extinction coefficient n/a 





Identification code  sh4366_a 
Empirical formula  C75 H90 B2 Cl4 N4 
Formula weight  1210.92 
Temperature  140(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 9.2911(3) Å = 105.6750(10)°. 
 b = 18.0422(6) Å = 91.6910(10)°. 
 c = 21.1328(7) Å  = 96.6650(10)°. 
Volume 3380.86(19) Å3 
Z 2 
Density (calculated) 1.190 Mg/m3 
Absorption coefficient 0.220 mm-1 
F(000) 1292 
Crystal size 0.408 x 0.150 x 0.040 mm3 
Theta range for data collection 2.006 to 26.773°. 
Index ranges -11<=h<=11, -22<=k<=22, -26<=l<=26 
Reflections collected 66482 
Independent reflections 14359 [R(int) = 0.0670] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7454 and 0.6951 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 14359 / 0 / 766 
Goodness-of-fit on F2 1.029 
Final R indices [I>2sigma(I)] R1 = 0.0486, wR2 = 0.1030 
R indices (all data) R1 = 0.0723, wR2 = 0.1160 
Extinction coefficient n/a 





Identification code  4319_a 
Empirical formula  C95 H124 B2 Cl2 N4 
Formula weight  1414.49 
Temperature  133(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P21/n 
Unit cell dimensions a = 10.5754(2) Å = 90°. 
 b = 17.7377(3) Å = 100.7670(10)°. 
 c = 23.0932(5) Å  = 90°. 
Volume 4255.63(14) Å3 
Z 2 
Density (calculated) 1.104 Mg/m3 
Absorption coefficient 0.123 mm-1 
F(000) 1532 
Crystal size 0.484 x 0.137 x 0.038 mm3 
Theta range for data collection 1.998 to 29.596°. 
Index ranges -14<=h<=14, -24<=k<=18, -32<=l<=32 
Reflections collected 64722 
Independent reflections 11954 [R(int) = 0.0463] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7459 and 0.7235 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 11954 / 389 / 533 
Goodness-of-fit on F2 1.040 
Final R indices [I>2sigma(I)] R1 = 0.0516, wR2 = 0.1344 
R indices (all data) R1 = 0.0697, wR2 = 0.1488 
Extinction coefficient n/a 





Identification code  sh4281_a 
Empirical formula  C33 H45 B Cl N3 
Formula weight  529.98 
Temperature  140(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P21/c 
Unit cell dimensions a = 10.0506(2) Å = 90°. 
 b = 19.1730(3) Å = 100.9870(10)°. 
 c = 16.4603(2) Å  = 90°. 
Volume 3113.76(9) Å3 
Z 4 
Density (calculated) 1.131 Mg/m3 
Absorption coefficient 0.148 mm-1 
F(000) 1144 
Crystal size 0.218 x 0.217 x 0.064 mm3 
Theta range for data collection 2.322 to 28.717°. 
Index ranges -13<=h<=13, -25<=k<=25, -22<=l<=19 
Reflections collected 40403 
Independent reflections 8032 [R(int) = 0.0369] 
Completeness to theta = 25.242° 99.6 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7458 and 0.7227 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 8032 / 0 / 353 
Goodness-of-fit on F2 1.026 
Final R indices [I>2sigma(I)] R1 = 0.0397, wR2 = 0.0978 
R indices (all data) R1 = 0.0505, wR2 = 0.1050 
Extinction coefficient n/a 





Identification code  4419_a 
Empirical formula  C17 H29 B Cl N3 
Formula weight  321.69 
Temperature  132(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P21/c 
Unit cell dimensions a = 9.4984(3) Å = 90°. 
 b = 24.1359(7) Å = 107.221(2)°. 
 c = 8.6311(3) Å  = 90°. 
Volume 1889.99(11) Å3 
Z 4 
Density (calculated) 1.131 Mg/m3 
Absorption coefficient 0.203 mm-1 
F(000) 696 
Crystal size 0.281 x 0.216 x 0.210 mm3 
Theta range for data collection 1.687 to 27.944°. 
Index ranges -12<=h<=12, -31<=k<=31, -11<=l<=11 
Reflections collected 30056 
Independent reflections 4533 [R(int) = 0.0411] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7456 and 0.7051 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4533 / 48 / 238 
Goodness-of-fit on F2 1.021 
Final R indices [I>2sigma(I)] R1 = 0.0455, wR2 = 0.1050 
R indices (all data) R1 = 0.0657, wR2 = 0.1152 
Extinction coefficient n/a 
Largest diff. peak and hole 0.251 and -0.305 e.Å-3 
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7.5.9 Benzazaborole 136 
Identification code  sh3997 
Empirical formula  C42 H58 B Cl N4, 2(C6 H6) 
Formula weight  821.40 
Temperature  152(2) K 
Wavelength  0.71073 Å 
Crystal system  Orthorhombic 
Space group  P212121 
Unit cell dimensions a = 9.3594(3) Å = 90°. 
 b = 19.4142(6) Å = 90°. 
 c = 26.6113(8) Å  = 90°. 
Volume 4835.4(3) Å3 
Z 4 
Density (calculated) 1.128 Mg/m3 
Absorption coefficient 0.118 mm-1 
F(000) 1776 
Crystal size 0.265 x 0.148 x 0.078 mm3 
Theta range for data collection 1.298 to 27.198°. 
Index ranges -12<=h<=12, -24<=k<=24, -34<=l<=34 
Reflections collected 65119 
Independent reflections 10751 [R(int) = 0.0655] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7455 and 0.6804 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 10751 / 32 / 526 
Goodness-of-fit on F2 1.033 
Final R indices [I>2sigma(I)] R1 = 0.0457, wR2 = 0.0904 
R indices (all data) R1 = 0.0711, wR2 = 0.1002 
Absolute structure parameter 0.04(3) 
Extinction coefficient n/a 
Largest diff. peak and hole 0.194 and -0.227 e.Å-3 
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7.5.10 Diazaboretidine 145 
Identification code  stru4304_a 
Empirical formula  C36 H52 B N3 
Formula weight  537.61 
Temperature  153(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P21/n 
Unit cell dimensions a = 9.3442(4) Å = 90°. 
 b = 19.0647(8) Å = 103.9200(10)°. 
 c = 18.9802(6) Å  = 90°. 
Volume 3281.9(2) Å3 
Z 4 
Density (calculated) 1.088 Mg/m3 
Absorption coefficient 0.062 mm-1 
F(000) 1176 
Crystal size 0.408 x 0.320 x 0.130 mm3 
Theta range for data collection 2.136 to 29.601°. 
Index ranges -12<=h<=11, -25<=k<=26, -22<=l<=26 
Reflections collected 42250 
Independent reflections 9189 [R(int) = 0.0304] 
Completeness to theta = 25.242° 99.9 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7459 and 0.6935 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 9189 / 0 / 373 
Goodness-of-fit on F2 1.039 
Final R indices [I>2sigma(I)] R1 = 0.0444, wR2 = 0.1164 
R indices (all data) R1 = 0.0529, wR2 = 0.1232 
Extinction coefficient n/a 





Identification code  sh3916 
Empirical formula  C12 H22 B2 Cl N3 
Formula weight  265.39 
Temperature  152(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 6.6512(2) Å = 88.905(2)°. 
 b = 8.9583(3) Å = 76.1371(18)°. 
 c = 13.6050(5) Å  = 71.3537(17)°. 
Volume 744.25(4) Å3 
Z 2 
Density (calculated) 1.184 Mg/m3 
Absorption coefficient 0.242 mm-1 
F(000) 284 
Crystal size 0.480 x 0.477 x 0.236 mm3 
Theta range for data collection 1.545 to 31.510°. 
Index ranges -9<=h<=9, -13<=k<=13, -19<=l<=19 
Reflections collected 18569 
Independent reflections 4904 [R(int) = 0.0198] 
Completeness to theta = 25.242° 99.9 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7462 and 0.7169 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4904 / 0 / 251 
Goodness-of-fit on F2 1.045 
Final R indices [I>2sigma(I)] R1 = 0.0377, wR2 = 0.1024 
R indices (all data) R1 = 0.0462, wR2 = 0.1087 
Extinction coefficient n/a 





Identification code  sh3946a 
Empirical formula  C20 H32 B2 N4 
Formula weight  350.11 
Temperature  142(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P21/n 
Unit cell dimensions a = 9.9230(3) Å = 90°. 
 b = 13.6830(5) Å = 105.8506(17)°. 
 c = 15.8473(6) Å  = 90°. 
Volume 2069.88(13) Å3 
Z 4 
Density (calculated) 1.124 Mg/m3 
Absorption coefficient 0.066 mm-1 
F(000) 760 
Crystal size 0.311 x 0.261 x 0.248 mm3 
Theta range for data collection 2.000 to 28.095°. 
Index ranges -13<=h<=12, -18<=k<=18, 0<=l<=20 
Reflections collected 9736 
Independent reflections 4993 [R(int) = 0.0502] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7456 and 0.6989 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4993 / 0 / 355 
Goodness-of-fit on F2 1.074 
Final R indices [I>2sigma(I)] R1 = 0.0658, wR2 = 0.1499 
R indices (all data) R1 = 0.1045, wR2 = 0.1648 
Extinction coefficient n/a 





Identification code  sh3926 
Empirical formula  C20 H32 B2 N4 
Formula weight  350.11 
Temperature  152(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P21/c 
Unit cell dimensions a = 16.5745(5) Å = 90°. 
 b = 8.7883(2) Å = 114.5348(11)°. 
 c = 15.7010(4) Å  = 90°. 
Volume 2080.54(10) Å3 
Z 4 
Density (calculated) 1.118 Mg/m3 
Absorption coefficient 0.066 mm-1 
F(000) 760 
Crystal size 0.687 x 0.591 x 0.134 mm3 
Theta range for data collection 1.350 to 27.436°. 
Index ranges -21<=h<=21, -11<=k<=11, -20<=l<=20 
Reflections collected 17438 
Independent reflections 4749 [R(int) = 0.0245] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7455 and 0.7000 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4749 / 0 / 363 
Goodness-of-fit on F2 1.026 
Final R indices [I>2sigma(I)] R1 = 0.0420, wR2 = 0.1009 
R indices (all data) R1 = 0.0600, wR2 = 0.1111 
Extinction coefficient n/a 




phenyl diborane(4) 161 
Identification code  sh4014 
Empirical formula  C18 H24 B2 F5 N3, C6 H4 F2 
Formula weight  511.10 
Temperature  152(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 9.9891(4) Å = 98.949(2)°. 
 b = 11.1868(4) Å = 106.2579(16)°. 
 c = 12.4828(5) Å  = 104.6579(17)°. 
Volume 1256.46(9) Å3 
Z 2 
Density (calculated) 1.351 Mg/m3 
Absorption coefficient 0.115 mm-1 
F(000) 528 
Crystal size 0.642 x 0.368 x 0.234 mm3 
Theta range for data collection 1.752 to 33.192°. 
Index ranges -15<=h<=15, -17<=k<=17, -19<=l<=19 
Reflections collected 35832 
Independent reflections 9593 [R(int) = 0.0211] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7465 and 0.6966 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 9593 / 0 / 429 
Goodness-of-fit on F2 1.033 
Final R indices [I>2sigma(I)] R1 = 0.0469, wR2 = 0.1281 
R indices (all data) R1 = 0.0644, wR2 = 0.1412 
Extinction coefficient n/a 





Identification code  sh4018 
Empirical formula  C12 H22 B2 N4 
Formula weight  243.95 
Temperature  152(2) K 
Wavelength  0.71073 Å 
Crystal system  Orthorhombic 
Space group  Pbca 
Unit cell dimensions a = 15.3904(6) Å = 90°. 
 b = 9.3258(3) Å = 90°. 
 c = 19.5845(8) Å  = 90°. 
Volume 2810.92(18) Å3 
Z 8 
Density (calculated) 1.153 Mg/m3 
Absorption coefficient 0.069 mm-1 
F(000) 1056 
Crystal size 0.490 x 0.384 x 0.088 mm3 
Theta range for data collection 2.080 to 30.372°. 
Index ranges -21<=h<=21, -13<=k<=13, -27<=l<=27 
Reflections collected 30484 
Independent reflections 4242 [R(int) = 0.0443] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7460 and 0.7179 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4242 / 0 / 251 
Goodness-of-fit on F2 1.014 
Final R indices [I>2sigma(I)] R1 = 0.0462, wR2 = 0.1151 
R indices (all data) R1 = 0.0750, wR2 = 0.1345 
Extinction coefficient n/a 
Largest diff. peak and hole 0.434 and -0.196 e.Å-3 
 
Least-squares planes (x,y,z in crystal coordinates) and deviations from them 
 (* indicates atom used to define plane) 
  8.2525 (0.0053) x +  7.8699 (0.0021) y +  0.3563 (0.0089) z =  8.1139 (0.0027)  
 * -0.2622 (0.0007)  B1 
 *  0.1009 (0.0007)  N3 
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 *  0.0956 (0.0007)  C1 
 * -0.0992 (0.0007)  C6 
 * -0.0941 (0.0007)  N4 
 *  0.2590 (0.0007)  B2 




Identification code  sh4057 
Empirical formula  C24 H30 B2 N4 
Formula weight  396.14 
Temperature  142(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P21/n 
Unit cell dimensions a = 17.3573(9) Å = 90°. 
 b = 9.3269(4) Å = 103.508(3)°. 
 c = 27.8586(12) Å  = 90°. 
Volume 4385.3(4) Å3 
Z 8 
Density (calculated) 1.200 Mg/m3 
Absorption coefficient 0.070 mm-1 
F(000) 1696 
Crystal size 0.569 x 0.166 x 0.034 mm3 
Theta range for data collection 1.264 to 27.250°. 
Index ranges -22<=h<=22, -11<=k<=11, -35<=l<=35 
Reflections collected 38124 
Independent reflections 9720 [R(int) = 0.0745] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7455 and 0.6860 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 9720 / 9 / 779 
Goodness-of-fit on F2 1.002 
Final R indices [I>2sigma(I)] R1 = 0.0577, wR2 = 0.1162 
R indices (all data) R1 = 0.1405, wR2 = 0.1487 
Extinction coefficient n/a 
Largest diff. peak and hole 0.212 and -0.200 e.Å-3 
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Least-squares planes (x,y,z in crystal coordinates) and deviations from them 
 (* indicates atom used to define plane) 
14.7391 (0.0086) x +  4.8344 (0.0072) y -  8.2713 (0.0238) z =  3.1509 (0.0131)  
 * -0.0394 (0.0016)  B1 
 *  0.0545 (0.0015)  N1 
 * -0.0254 (0.0016)  C1 
 * -0.0169 (0.0016)  C6 
 *  0.0273 (0.0016)  N2 
 * -0.0001 (0.0017)  B2 




Identification code  sh4141 
Empirical formula  C20 H10 B2 F10 N2, 0.5 (C7 H8) 
Formula weight  535.99 
Temperature  142(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P21/n 
Unit cell dimensions a = 12.3016(6) Å = 90°. 
 b = 7.1478(4) Å = 103.302(3)°. 
 c = 26.3120(13) Å  = 90°. 
Volume 2251.5(2) Å3 
Z 4 
Density (calculated) 1.581 Mg/m3 
Absorption coefficient 0.150 mm-1 
F(000) 1076 
Crystal size 0.362 x 0.242 x 0.038 mm3 
Theta range for data collection 1.591 to 32.733°. 
Index ranges -18<=h<=18, -10<=k<=10, -40<=l<=40 
Reflections collected 159504 
Independent reflections 8302 [R(int) = 0.0428] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7464 and 0.7190 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 8302 / 122 / 373 
7. Appendix 
317 
Goodness-of-fit on F2 1.028 
Final R indices [I>2sigma(I)] R1 = 0.0504, wR2 = 0.1291 
R indices (all data) R1 = 0.0854, wR2 = 0.1521 
Extinction coefficient n/a 
Largest diff. peak and hole 0.418 and -0.448 e.Å-3 
 
Least-squares planes (x,y,z in crystal coordinates) and deviations from them 
 (* indicates atom used to define plane) 
 2.0546 (0.0064) x +  7.0343 (0.0008) y +  0.5298 (0.0151) z =  3.0696 (0.0063)  
 *  0.0091 (0.0010)  B1 
 *  0.0111 (0.0009)  N2 
 * -0.0257 (0.0010)  C1 
 *  0.0174 (0.0009)  C6 
 *  0.0050 (0.0009)  N1 
 * -0.0169 (0.0010)  B2 




Identification code  sh4097 
Empirical formula  C18 H26 B2 N4 
Formula weight  320.05 
Temperature  122(2) K 
Wavelength  0.71073 Å 
Crystal system  Orthorhombic 
Space group  Pbca 
Unit cell dimensions a = 15.5600(18) Å = 90°. 
 b = 9.8859(12) Å = 90°. 
 c = 23.262(3) Å  = 90°. 
Volume 3578.3(7) Å3 
Z 8 
Density (calculated) 1.188 Mg/m3 
Absorption coefficient 0.070 mm-1 
F(000) 1376 
Crystal size 0.436 x 0.108 x 0.095 mm3 
Theta range for data collection 1.751 to 27.987°. 
Index ranges -20<=h<=20, -12<=k<=13, -30<=l<=30 
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Reflections collected 49592 
Independent reflections 4290 [R(int) = 0.1287] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7456 and 0.6974 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4290 / 0 / 322 
Goodness-of-fit on F2 1.001 
Final R indices [I>2sigma(I)] R1 = 0.0526, wR2 = 0.1027 
R indices (all data) R1 = 0.1232, wR2 = 0.1333 
Extinction coefficient 0.0019(3) 
Largest diff. peak and hole 0.244 and -0.219 e.Å-3 
 
Least-squares planes (x,y,z in crystal coordinates) and deviations from them 
 (* indicates atom used to define plane) 
 - 1.7918 (0.0123) x +  9.3541 (0.0028) y +  7.0340 (0.0165) z =  6.2063 (0.0054)  
 *  0.0792 (0.0013)  C1 
 * -0.0167 (0.0014)  C6 
 * -0.0965 (0.0013)  N2 
 *  0.1321 (0.0014)  B2 
 * -0.0735 (0.0014)  B1 
 * -0.0245 (0.0013)  N1 





Identification code  sh4119 
Empirical formula  C16 H20 B2 Cl N3 
Formula weight  311.42 
Temperature  152(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  C2/c 
Unit cell dimensions a = 18.2273(4) Å = 90°. 
 b = 10.1084(3) Å = 103.5829(14)°. 
 c = 17.4910(4) Å  = 90°. 
Volume 3132.56(14) Å3 
Z 8 
Density (calculated) 1.321 Mg/m3 
Absorption coefficient 0.242 mm-1 
F(000) 1312 
Crystal size 0.404 x 0.174 x 0.068 mm3 
Theta range for data collection 2.299 to 28.091°. 
Index ranges -24<=h<=24, -13<=k<=13, -23<=l<=23 
Reflections collected 30693 
Independent reflections 3800 [R(int) = 0.0398] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7456 and 0.7215 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 3800 / 0 / 279 
Goodness-of-fit on F2 1.026 
Final R indices [I>2sigma(I)] R1 = 0.0331, wR2 = 0.0828 
R indices (all data) R1 = 0.0431, wR2 = 0.0892 
Extinction coefficient n/a 
Largest diff. peak and hole 0.363 and -0.296 e.Å-3 
 
Least-squares planes (x,y,z in crystal coordinates) and deviations from them 
 (* indicates atom used to define plane) 
 18.0908 (0.0013) x -  1.2212 (0.0052) y -  3.7719 (0.0075) z =  5.9765 (0.0026)  
 * -0.0313 (0.0008)  N1 
 *  0.0144 (0.0008)  C1 
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 *  0.0191 (0.0008)  C2 
 * -0.0343 (0.0008)  N2 
 *  0.0173 (0.0009)  B2 
 *  0.0148 (0.0009)  B1 




Identification code  sh4231 
Empirical formula  C22 H20 B2 F5 N3 
Formula weight  443.03 
Temperature  142(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 7.5473(4) Å = 85.5787(14)°. 
 b = 11.8469(6) Å = 83.1875(15)°. 
 c = 12.0590(6) Å  = 73.6504(13)°. 
Volume 1026.23(9) Å3 
Z 2 
Density (calculated) 1.434 Mg/m3 
Absorption coefficient 0.116 mm-1 
F(000) 456 
Crystal size 0.367 x 0.267 x 0.214 mm3 
Theta range for data collection 1.702 to 32.666°. 
Index ranges -11<=h<=10, -17<=k<=17, -18<=l<=18 
Reflections collected 26914 
Independent reflections 7508 [R(int) = 0.0269] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7464 and 0.7282 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 7508 / 0 / 369 
Goodness-of-fit on F2 1.037 
Final R indices [I>2sigma(I)] R1 = 0.0437, wR2 = 0.1169 
R indices (all data) R1 = 0.0604, wR2 = 0.1290 
Extinction coefficient n/a 
Largest diff. peak and hole 0.524 and -0.227 e.Å-3 
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Least-squares planes (x,y,z in crystal coordinates) and deviations from them 
 (* indicates atom used to define plane) 
 4.8397 (0.0022) x +  10.6656 (0.0019) y +  3.2628 (0.0045) z =  11.9169 (0.0011)  
 * -0.0517 (0.0007)  B1 
 *  0.0375 (0.0006)  N1 
 *  0.0087 (0.0007)  C1 
 * -0.0353 (0.0007)  C6 
 *  0.0134 (0.0007)  N2 
 *  0.0274 (0.0007)  B2 




Identification code  sh4165cu 
Empirical formula  C22 H24 B2 N4 O3 
Formula weight  414.07 
Temperature  133(2) K 
Wavelength  1.54178 Å 
Crystal system  Monoclinic 
Space group  C2/c 
Unit cell dimensions a = 20.8395(13) Å = 90°. 
 b = 8.0681(4) Å = 100.638(3)°. 
 c = 25.2970(14) Å  = 90°. 
Volume 4180.2(4) Å3 
Z 8 
Density (calculated) 1.316 Mg/m3 
Absorption coefficient 0.704 mm-1 
F(000) 1744 
Crystal size 0.146 x 0.093 x 0.026 mm3 
Theta range for data collection 3.555 to 80.353°. 
Index ranges -24<=h<=26, -10<=k<=10, -32<=l<=30 
Reflections collected 33809 
Independent reflections 4519 [R(int) = 0.0280] 
Completeness to theta = 67.679° 99.6 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7543 and 0.6877 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4519 / 0 / 376 
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Goodness-of-fit on F2 1.054 
Final R indices [I>2sigma(I)] R1 = 0.0340, wR2 = 0.0920 
R indices (all data) R1 = 0.0360, wR2 = 0.0940 
Extinction coefficient n/a 
Largest diff. peak and hole 0.387 and -0.221 e.Å-3 
 
Least-squares planes (x,y,z in crystal coordinates) and deviations from them  (* indicates atom used to 
define plane) 
- 12.2911 (0.0064) x -  4.8171 (0.0025) y +  16.2733 (0.0067) z =  2.9636 (0.0028)  
 *  0.0137 (0.0007)  B1 
 * -0.0275 (0.0006)  N1 
 *  0.0161 (0.0006)  C1 
 *  0.0094 (0.0006)  C6 
 * -0.0220 (0.0006)  N2 
 *  0.0103 (0.0007)  B2 






Identification code  sh4205 
Empirical formula  C22 H32 B2 Cl N 
Formula weight  367.55 
Temperature  132(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 7.6201(4) Å = 78.8383(11)°. 
 b = 16.4202(8) Å = 84.5323(12)°. 
 c = 17.8783(8) Å  = 89.4860(12)°. 
Volume 2184.59(18) Å3 
Z 4 
Density (calculated) 1.118 Mg/m3 
Absorption coefficient 0.180 mm-1 
F(000) 792 
Crystal size 0.403 x 0.398 x 0.118 mm3 
Theta range for data collection 1.166 to 30.512°. 
Index ranges -10<=h<=10, -23<=k<=23, -25<=l<=25 
Reflections collected 36547 
Independent reflections 13280 [R(int) = 0.0289] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7461 and 0.6851 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 13280 / 0 / 715 
Goodness-of-fit on F2 1.034 
Final R indices [I>2sigma(I)] R1 = 0.0463, wR2 = 0.1162 
R indices (all data) R1 = 0.0693, wR2 = 0.1293 
Extinction coefficient n/a 





Identification code  sh4233 
Empirical formula  C28 H36 B2 Cl N, 0.5(C7 H8) 
Formula weight  489.71 
Temperature  142(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P21/n 
Unit cell dimensions a = 8.8269(3) Å = 90°. 
 b = 38.5769(17) Å = 99.129(3)°. 
 c = 17.0725(8) Å  = 90°. 
Volume 5739.8(4) Å3 
Z 8 
Density (calculated) 1.133 Mg/m3 
Absorption coefficient 0.153 mm-1 
F(000) 2104 
Crystal size 0.305 x 0.200 x 0.090 mm3 
Theta range for data collection 1.318 to 27.150°. 
Index ranges -10<=h<=11, -49<=k<=49, -21<=l<=21 
Reflections collected 53793 
Independent reflections 12686 [R(int) = 0.0625] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7455 and 0.7013 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 12686 / 0 / 672 
Goodness-of-fit on F2 1.016 
Final R indices [I>2sigma(I)] R1 = 0.0514, wR2 = 0.1064 
R indices (all data) R1 = 0.0970, wR2 = 0.1236 
Extinction coefficient n/a 
Largest diff. peak and hole 0.256 and -0.295 e.Å-3 
 
